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OPTICAL FILM COMPRISING SUPPORT AND POLARIZING lAYBR 
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The present: invention relates to an optical film hav- 
ing a polarizdLng layer, which selectively transmits polar- 
ized light and which selectively reflects or scatters other 
polarized light. The invention also relates to a polarlz- 
10 ing plate and a liquid crystal display utilizing the film. 

BACKGROTIWD OF THE INVENTION 

Light emitted from natural light sources such as the 
15 sun or from artificial ones such as lamps is generally non- 
polarized (randomly polarized) . A. polarizing plate can 
convert such non-polarized light into polarized light 
(linearly, circularly or elliptically polarized light). 
The thus-converted polarized light can be used in various 
20 optical instruments. For example, a liquid crystal display 
widely used nowadays is an instrument that utilizes charac- 
ters of polarized light to display an image. 

The term "polarizing plate" in a broad sense includes 
linearly, circularly and elliptically polarizing plates. 
25 However, that term usually means (in a narrow sense) only a 
linaaurly polarizdLng plate. Also in the present specifica- 
tion, the single "polarizing plate" means a linearly polar- 
izing plate. 

A linearly polarizing plate is a basic polarizing 
30 plate. For exaiqple, a circularly polarizing plate is gen- 
erally a layered con^osition of a linearly polarizing plate 
and a plate, and also an elliptically polarizing plate 
is generally a layered composition of a linearly polarizing 
plate and a phase retarder other than the X/4 plate. 
35 Therefore, the optical cheuracter of linearly polarizing 



plate is in^>ortant for various kinds of polarizing plates 
(in a broad sense). 

A linearly polarizing plate generally used is a polar- 
izing plate of light-absorbing type ntade of polyvinyl alco- 
5 hoi. For preparing the polyvinyl alcohol polarizing plate, 
a polyvinyl alcohol film is stretched and made to adsorb 
iodine or a dichroinatic dye. The thus -prepared plate has a 
transparent axis (polarizing axis) perpendicular to the 
stretching direction. 

10 The polarizing plate of light-absorbing type transmits 

only a light conqponent polarized parallel to the polarizing 
axis, and absorbs a perpendicularly polarized component. 
Therefore, usable light through the plate is theoretically 
50% or leas (practically less by far) of the original light. 

15 In order to increase the amount of usable light (effi- 

ciency of light) , it is proposed that a polarizing plate of 
light-scattering type be used in place of or in addition to 
that of light-absorbing type. The polarizing plate of 
light-scattering type also treuismits only the light compo- 

20 nent polarized parallel to the polarizing axis, but scat- 
ters forward or baclcward the perpendicularly polarized com- 
ponent. Consequently, the plate of light-scattering type 
improves the efficiency of light. 

There are some mechanisms in which the polarizing 

25 plate of light-scattering type improves the efficiency of 
light. The mechanisms (A) to (C) are described below. 
(A) Depolarization of front scattered light 
The polarizing plate of light-scattering type scatters 
foirward or backward the light component poietrized perpen- 

30 dicularly to the polarizing axis. The light component 

scattered forward (front scattered light) is depolarized to 
rotate the polarizing direction. The thus rotated direc- 
tion is different from the polarizing direction of the in- 
cident light, and hence the scattered light has a light 

35 con^onent polarized parallel to the polarizing axis of the 



plate, consequently, the coR^onont polarized in the polar- 
izing direction o£ th© plate is increased. If the polariz- 
ing plate contains many particles in the thickness direc- 
tion, multiple scattering occurs to enhance the depolariza- 
5 tion. In this way, the efficiency of light is improved by 
the depolarization of front scattered light if the polariz- 
ing plate of light-scattering type is used, as coaqpared 
with the efficiency when the polarizing plate of light- 
absorbing type is used alone. 

10 (B) Reuse (depolarization) of back scattered light 

The con^onent scattered backward (back scattered 
light) is depolarized when it scattered. The back scat- 
tered light is reflected by a metal reflector placed behind 
the backlight (light source), and again enters the polar iz- 

15 ing plate of light-scattering type. Since the depolarized 
light (back scattered light) has the light component polar- 
ized parallel to the polarizing axis of the plate, a part 
of the reentering light passes through the plate. The 
scattering on the polarizing plate and the reflection on 

20 the reflector are repeated in this way to improve the effi- 
ciency of light. 

(C) Reuse (rotation of polarizing direction) of back 
scattered light 

In an optical system comprising a X/4 plate and a 

25 metal reflector, incident light linearly polarized at 45' 
to the slow axis of the X/4 plate is reflected to rotate 
its polarizing direction by 90*. For applying this effect, 
a X/4 plate is provided between the polarizing plate of 
light-scattering type and the metal reflector (placed be- 

30 hind the backlight) so that the slow axis of the X/4 plate 
may be placed at 45* to the polarizing axis of the polariz- 
ing plate. 

The light scattered backward has a component polarized 
perpendicularly to the polarizing axis of the polarizing 
35 plate in a large amount. Accordingly, tbe light having 



passed -bhrough the X/4 plate, reflected by the metal re- 
flector and reentering the polarizing plate has a component 
polarized parallel to the polarizing axis of the polarizing 
plate in a large amount. Since the light con^onent paral- 
5 lei polarized can pass through the polarizing plate, the 
efficiency of light can be iu^roved by the X,/4 plate 
provided between the polarizing plate of light-scattering 
type and the metal reflector. 

The polarizing plate of light-scattering type is de- 

10 scribed in Japeuaese Patent provisional Publication Nos. 
8(1996)-7€114, 9(1997)-274108, 9(1997)-297204, Japanese 
Patent Publication Kos. ll{19?9)-502036, H(1999)-509014, 
U.S. Patent Wos. 5,783,120, 5,825,543 and 5,867,316. 

The known polarizing plates of light-scattering type 

15 disclosed in Japanese Patent Provisional Publication Nos, 
8(1996)-76114, 9(1997)-274108, Japanese Patent Publication 
NOS. ll(1999)-502036, 11 { 1999 )-509014 , U.S. Patent Nos. 
5,783,120, 5,825,543 and 5,867,316 are stretched polymer 
films like the known polarizing plates of light-absorbing 

20 type. In the polarizing plates, the refractive induces of 
the binder and the dispersed particles should be highly ad- 
justed. In more detail, the difference between the refrac- 
tive induces of the binder and the particles should be 
small at the side of transmitting polarized light. On the 

25 other hand, the difference should be leirge at the .side of 
scattering polarized light. The kno«n\ plates described in 
. the prior art references are insufficient for the above- 
described optical characteristics. Therefore, the improve- 
ment of the efficiency of light is insufficient. 

30 The polarizing plate of light-scattering type dis- 

closed in Japanese patent Publication No. 11 (1999) -502036 
is a polymer film containing dispersed liquid crystal mole- 
cules ( optically anisotropic molecules ) , which are aligned 
by applying an electric or magnetic field. However, it is 

35 practically difficult to apply the electric or magnetic 
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field evenly to a large area, and accordingly it is diffi- 
cult to obtain an even scattering character in a large area. 
Unevenness of the scattering character in the plane of the 
polarizing plate induces unevenness of brightness in the 
5 plane of a liquid crystal display. 

SUWffiRX OF TPg IMVENTJIO;^ 

An object of the present invention is to provide a po- 
10 larizing optical film by which the efficiency of light 

through a polarizing plate is improved, by which scattering 
character of the polarizing plate is easily controlled and 
by which the polarizing plate can give large light scatter- 
ing evenly in a large area. 
15 The present invention provides an optical film com- 

prising a transparent support and a polarizing layer which 
selectively transmits polarized light and which selectively 
reflects or scatters other polarized light, wherein the po- 
larizing layer contains a compound represented by the fol- 
20 lowing formula (I): 

(I) Arl-CaC-Ar3-CaC-Ar2 

in which each of Ar^ and Ar^ independently is a monovalent 
aromatic group, and Ar^ is a divalent aromatic group. 

The invention also provides a polarizing plate com- 

25 prising a polarizing element of light-scattering type and a 
polarizing element of light-absorbing type, said polarizing 
element of light-scattering type selectively transmitting 
polarized light and selectively reflecting or scattering 
other polarized light, and said polarizing element of 

30 light-absorbing type selectively transmitting polarized 
light and selectively absorbing other polarized light, 
wherein the polarizing element of light-scattering type has 
a polarizing layer consisting of an optically isotropic 
phase and an optically anisotropic phase, wherein the po- 

35 larizing element of light-scattering type has a polarizing 



plane perpendicular to a surface plane of the polarizing 
element, the polarizing element of light-scattering type at 
the polarizing plane has the maximum transmittance for all 
rays of more than 75% and the minimum transmittances for 
5 all rays of less than 60%, wherein an axis having the po- 
larizing plane giving the maximum transmittance for all 
rays is essentially parallel to the transparent axis of the 
polarizing element of light -absorbing type, and wherein the 
optically anisotropic phase contains a compound represented 

10 by the formula (I). 

The invention further provides a liquid crystal dis- 
play which comprises a liquid crystal cell in which a liq- 
uid crystal compound is sealed between a pair of substrates 
having a transparent electrode and a pixel electrode, and 

15 also which comprises a pair of polarizing plates sandwich- 
ing the liquid crystal cell, wherein the above-defined op- 
tical film is provided between a backlight and the polariz- 
ing plate on the backlight side of the cell. 

The invention furthermore provides a liquid crystal 

20 display comprising a backlight, a polarizing plate, a liq- 
uid crystal cell and another polarizing plate in this order, 
wherein the polarizing plate placed between the backlight 
and the liquid crystal cell comprises a polarizing element 
of light-scattering type and a polarizing element of light- 

25 absorbing type, said polarizing element of light- scattering 
type selectively transmitting polarized light and selec- 
tively reflecting or scattering other polarized light, and 
said polarizing element of light-absorbing type selectively 
transmitting polarized light and selectively absorbing oth- 

30 er polarized light, wherein the polarizing element of 

light-scattering type has a polarizing layer consisting of 
an optically isotropic phase and an optically anisotropic 
phase, wherein the polarizing element of light-scattering 
type has a polarizing plane perpendicular to a surface pla- 

35 ne of the polarizing element, the polarizing element of 
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light-scattering type at the polarizing plane has the maxi- 
imm transmittance for all rays of more than 75% and the 
minimum transmittances for all rays of less than 60%, 
wherein an axis having the polarizing plane giving the 
5 maximum transmittance for all rays is essentially parallel 
to the transparent axis of the polarizing element of light- 
absorbing type, and wherein the optically anisotropic phase 
contains a compound represented by the formula ( I ) . 

In the present specification, the term "optically 
10 isotropy" means the character giving a birefringent index 
of less than 0.05, while the term "optically anisotropy" 
means the character giving a birefringent index of 0.05 or 
more. 

The inventors have found that the compound represented 
15 by the formula (I) gives large optical anisotropy to the 

optical film. Further, since molecules of the compound can 
be easily aligned in a large area, the optical film can be 
made to have a large and even scattering character in a 
large area. 

20 As described above, the optical film of the invention 

can easily gain optical characters required as a polarizing 
plate of light-scattering type. The polarizing plate hav- 
ing such optical characters remarkably improves the effi- 
ciency of usable light according to the depolarization of 

25 front scattered light, the depolarization of back scattered 
light or the rotation of polarizing direction of back scat- 
tered light. 

BRIEF DESCRIPTION OF THE DRAWINGS 

30 

Fig. 1 is a sectional view schematically illustrating 
a basic structure of an optical film according to the in- 
vention . 

Fig. 2 is a sectional view schematically illustrating 
35 a basic structure of a liquid crystal display. 
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Fig. 3 is a sectional view schematically illustrating 
a liquid crystal display equipped with an optical film. 

Fig. 4 is a sectional view schematically illustrating 
another liquid crystal display equipped with an optical 
film. 

Fig. 5 is a sectional view schematically illustrating 
a further liquid crystal display equipped with an optical 
film. 

DETAILED DESCRIPTION OF THE INVENTION 

The optical film of the invention has a polarizing 
layer, which contains a compound represented by the formula 
(I) . 

( I ) Ar 1 -CbC-At^ -CEC-Ar2 

In the formula (I), each of Ar^ and Ar^ independently 
is a monovalent aromatic group, which is an aromatic hydro- 
carbon group or an aromatic heterocyclic group. 

Examples of the monovalent aromatic hydrocarbon group 
include phenyl, naphthyl, biphenyl, anthryl and phenanthryl. 
Preferred groups are phenyl, 1-naphthyl, 2-naphthyl, 4- 
biphenyl, 1-anthryl, 2-anthryl, 9-anthryl, 1 -phenanthryl, 
2-phenanthryl and 9-phenanthryl . Further preferred are 
phenyl, 2-naphthyl, 4-biphenyl, 2-anthryl and 2-phenanthryl, 
and most preferred is phenyl. 

The monovalent aromatic heterocyclic group preferably 
has an aromatic five- or six-membered heterocyclic ring. 

The aromatic f ive-membered heterocyclic ring contains 
two double bonds and one to four hetero-atoms, which are 
preferably oxygen, sulfur and/or nitrogen atoms. It is 
particularly preferred that the ring have at least one sul- 
fur or nitrogen atom. 

The aromatic f ive-membered heterocyclic ring may be 
condensed with another ring (another heterocyclic ring, an 
aliphatic ring or an aromatic hydrocarbon ring) , which is 
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preferably an aromatic hydrocarbon ring or an aromatic het- 
erocyclic ring, more preferably an aromatic hydrocarbon 
ring, and most preferably benzene ring. 

Examples of the monovalent aromatic f ive-membered het- 
erocyclic group and the monovalent condensed aromatic f ive- 
membered heterocyclic group are shown below. 
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The aromatic six-membered heterocyclic ring contains 
two double bonds and one to four hetero-atoms , which are 
preferably phosphorous, silicon and/or nitrogen atoms. The 
ring has more preferably at least one nitrogen atom, 
further preferably one or two nitrogen atoms . 

The aromatic six-membered heterocyclic ring may be 
condensed with another ring (another heterocyclic ring, an 
aliphatic ring or an aromatic hydrocarbon ring), which is 
preferably an aromatic hydrocarbon ring or an aromatic het- 
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erocyclic ring, more preferably an aromatic hydrocarbon 
ring, and most preferably benzene ring. 

Examples of the monovalent aromatic six-membered het- 
erocyclic group and the monovalent condensed aromatic six- 
membered heterocyclic group are shown below. 
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The monovalenii aromatic group (Ar^r Ar^) can have a 
monovalexi-b aromatic group itself as the substituent group. 
Examples ot the monovalent aromatic groups having a inonova- 
5 lent aromatic substituent group are shown below. 
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(Arl35) 




In the formula (I), Ar^ is a divalent aromatic group, 
which is an aromatic hydrocarbon group or an aromatic het- 
erocyclic group. 
5 Examples of the divalent aromatic hydrocarbon group 

include phenylene, naphthylene, anthrylene, phenanthrylene, 
pyrenylene, biphenylene and terphenylene . Preferred groups 
are 1, 4-phenylene, 2 , 6-naphthylene , 1 , 5-naphthylene, 1,4- 
naphthylene, 2 , 6-anthrylene, 2 , 7-phenanthrylene, 2,7- 

10 pyrenylene, 4 , 4 ' -biphenylene and 4 , 4 ' , 4"-terphenylene . 

Further preferred are 1 , 4-phenylene, 2 , 6-naphthylene and 
4,4' -biphenylene . 

The divalent aromatic heterocyclic group preferably 
has an aromatic five- or six-membered heterocyclic ring. 

15 The aromatic f ive-membered heterocyclic ring contains 

two double bonds and one to four hetero-atoms , which are 
preferably oxygen, sulfur and/or nitrogen atoms. It is 
particularly preferred that the ring have at least one sul- 
fur or nitrogen atom. 

20 The aromatic f ive-membered heterocyclic ring may be 

condensed with another ring (another heterocyclic ring, an 
aliphatic ring or an aromatic hydrocarbon ring), which is 
preferably an aromatic hydrocarbon ring or an aromatic het- 
erocyclic ring, more preferably an aromatic hydrocarbon 

25 ring, and most preferably benzene ring. 

The divalent aromatic f ive-membered heterocyclic group 
or the condensed group thereof may combine with another di- 
valent aromatic group (e.g., a divalent aromatic hydrocar- 
bon group, another divalent aromatic f ive-membered hetero- 

30 cyclic group or another condensed group thereof, a divalent 



aromatic six-membered heterocyclic group or a condensed 
group thereof), to form a divalent aromatic group (Ar^ in 
the formula ( I ) ) as a whole . The number of combined groups 
is preferably two or three. 

Examples of the divalent aromatic f ive-membered het- 
erocyclic group, the divalent condensed aromatic f ive- 
membered heterocyclic group, and the divalent aromatic 
group of the combination thereof are shown below. 
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(Ar566) (Ar567) (Ar568) 




The aromatic six-membered heterocyclic ring contains 
two double bonds and one to four he tero atoms , which are 
preferably phosphorous, silicon and/or nitrogen atoms. The 
5 ring has more preferably at least one nitrogen atom, 
further preferably one or two nitrogen atoms. 

The aromatic six-membered heterocyclic ring may be 
condensed with another ring (another heterocyclic ring, an 
aliphatic ring or an aromatic hydrocarbon ring), which is 
10 preferably an aromatic hydrocarbon ring or an aromatic het- 
erocyclic ring, more preferably an aromatic hydrocarbon 
ring, and most preferably benzene ring. 

The divalent aromatic six-membered heterocyclic group 
or the condensed group thereof may combine with another di- 
15 valent aromatic group (e.g., a divalent aromatic hydrocar- 
bon group, a divalent aromatic f ive-membered heterocyclic 
group or a condensed group thereof, another divalent aro- 
matic six-membered heterocyclic group or another condensed 
group thereof), to form a divalent aromatic group (Ar^ in 
20 the formula (I)) as a whole. The niamber of combined groups 
is preferably two or three. 

Examples of the divalent aromatic six-membered hetero- 
cyclic group, the divalent condensed aromatic six-membered 
heterocyclic group, and the divalent aromatic group of the 
25 combination thereof are shown below. 
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(Ar671) (Ar672) 

Each aromatic group (Ar^, Ar2 or Ar^ ) may have a sub- 
stituent group. Examples of the substituent group include 
halogen atoms (e.g., fluorine atom, chlorine atom), cyano, 
an alkyl group having 1 to 20 (preferably 1 to 15) carbon 
atoms (e.g., methyl, ethyl, hexyl, octyl, undecyl, tetrade- 
cyl), an alkenyl group having 2 to 20 (preferably 2 to 15) 
carbon atoms (e.g., vinyl, propenyl, hexenyl, decenyl, tet- 
radecenyl), an alkynyl group having 2 to 20 (2 to 15) car- 
bon atoms (e.g., ethynyl, propynyl, hexynyl, decynyl, tet- 
radecynyl), an alkoxy group having 1 to 20 (preferably 1 to 
15) carbon atoms (e.g., methoxy, ethoxy, hexyloxy, octyloxy, 
tetradecyloxy ) , an alkylthio group having 1 to 20 (prefera- 
bly 1 to 15) carbon atoms (e.g., methylthio, butylthio, 
hexylthio, decylthio, tetradecylthio ) , an alkoxylcarbonyl 
group having 2 to 20 (preferably 2 to 15) carbon atoms 
(e.g., methoxycarbonyl, ethoxycarbonyl , hexyloxycarbonyl , 
dodecyloxycarbonyl) , an acyloxy group having 2 to 2 0 (pref- 
erably 2 to 15) carbon atoms (e.g., acetyloxy, acryloyloxy, 
methacryloyloxy, hexanoyloxy, decanoyloxy ) , an amide group 
having 2 to 20 (preferably 2 to 15) carbon atoms (e.g., 
acetamide), and a sulfoneamide group having 1 to 20 (pref- 
erably 1 to 15) carbon atoms (e.g., octanesulf oneamide ) . 
The polymerizable groups (Ql to Q17) described after are 
also included in the substituent groups. The above monova- 
lent aromatic hydrocarbon groups themselves are also usable 
as the substituent groups. The monovalent aromatic group 
has preferably one to three, more preferably one or two 
substituent groups . ^ 
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The abovs alkyl, alkenyl, alJcynyl, alkoxy, alkylthio, 
alkoxycarbonyl and acyloxy groups may further have sub- 
stituent groups, examples of which include hydroxyl, halo- 
gen atoms (e.g., fluorine atom, chlorine atom), cyano, ep- 
5 oxy, aziridinyl and an acyloxy group having 2 to 20 (pref- 
erably 2 -to 15) carbon atoms (e.g., acetyloxy, acryloyloxy, 
methacryloyloxy, hexanoyloxy, decanoyloxy) . Further, the 
polymerizable groups (Ql to Q17) described after are also 
included in the subatituent groups. 

10 The substituent group preferably contains cyano to in- 

crease the optical anisotropy of the film. Preferably, 
cyano is directly connected to the aromatic group. More 
preferably, cyano is directly connected to each of the end 
- aromatic groups (Ari and Ar^). The substituent group pref- 

IS erably contains hydroa^l group to increase interaction of 
the liquid crystal compound with an optical isotropic 
binder (preferably water-soluble polymer) . The interaction 
(e.g., hydrogen bond) can ia^rove the optical characteris- 
tics and the stability of the film. Preferably, hydroxyl 

20 is connected through a linking group to at least one aro- 
matic group (Ar^, Ar^ or Ar^). 

The total number of the substituent groups having hy- 
droxyls is preferably 1 to 6, more preferably 1 to 3, and 
most preferably 1 or 2. Further, one aromatic group has 

25 preferably one to three, more preferably one or two sub- 
_ stituent groups having hydro^^ls. It is particularly 

preferred for one aromatic group to have only one substitu- 
ent group having hydroxyl. In other words, if the compound 
contains three substituent groups having hydroxy Is, each of 

30 Ar^, Ar2 and Ar^ has one of the substituent groups, in the 
case where two subatituent groups having hydroxyls are con- 
tained in the coaqpound, each of the two of Ar^, Ar^ and Ar^ 
has one of the substituent groups. In that case, it is 
particularly preferred that each of Arl and Ar* have one of 

35 the substituent groups. If the compound contains one sub- 
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stituent group having hydroxyl, one of Ar^, Ar2 and Ar^ has 
the substituent group. 

The linkage among the aromatic group, the linking 
group and hydroxyl is represented by the formula: Ar-L(- 
OH)jn in which Ar is one of the three aromatic groups (Ar^, 
Ar2, Ar3), L is a m+1 valent linking group, and m is an in- 
teger of 1 or more. 

Preferred examples of the linking group (L) include - 
0-, -S-, -NH-, -CO-, a multivalent aliphatic group, a mul- 
tivalent aliphatic heterocyclic group and a combination 
thereof. The integer (m) is preferably 2 to 6. 

The formula Ar-L{-OH)n, is further preferably repre- 
sented by Ar-Ll-L2(-OH)m in which Ar is one of the three 
aromatic groups (Ar^, Ar^, Ar^ ) , is -0-, -S-, -NH-, -CO-, 
a divalent aliphatic group or a combination thereof, is 
an m+1 valent aliphatic group or an m+1 valent aliphatic 
heterocyclic group, and m is an integer of 1 or more. 

The divalent aliphatic group is an alkylene group, a 
substituted alkylene group, an alkenylene group, a substi- 
tuted alkenylene group, an alkynylene group or a substitut- 
ed alkynylene group. Preferred are an alkylene group, a 
substituted alkylene group, an alkenylene group and a sub- 
stituted alkenylene group. An alkylene group and a substi- 
tuted alkylene group are more preferred, and an alkylene 
group is most preferred. 

The alkylene group has preferably 1 to 20, more pref- 
erably 1 to 12 carbon atoms. A chained alkylene group is 
preferred to a cyclic one, and a straight-chained alkylene 
group is preferred to a branched one. 

The alkenylene group has preferably 2 to 20, more 
preferably 2 to 12 carbon atoms. A chained alkenylene 
group is preferred to a cyclic one, and a straight-chained 
alkenylene group is preferred to a branched one. 
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The alkynylene group has preferably 2 to 20, more 
preferably 2 to 12 carbon atoms. A chained alkynylene 
group is preferred to a cyclic one, and a straight-chained 
alkynylene group is preferred to a branched one. 
5 The alkylene moiety of the substituted alkylene group, 

the alkenylene moiety of the substituted alkenylene group 
and the alkynylene moiety of the substituted alkynylene 
group are the same as the corresponding groups described 
above. Examples of the substituent group of the above sub- 
10 stituted groups include halogen atoms (e.g., fluorine atom, 
chlorine atom) , cyano and an acyloxy group having 2 to 20 
(preferably 2 to 15) carbon atoms (e.g., acetyloxy, hex- 
anoyloxy, decanoyloxy) . 

The multivalent (m+1 valent) aliphatic group may have 
15 a cyclic structure. The multivalent aliphatic group has 2 
to 15 carbon atoms . The multivalent aliphatic group is 
preferably saturated. 

The multivalent (m+1 valent) aliphatic heterocyclic 
group is preferably saturated. The multivalent aliphatic 
20 heterocyclic group is preferably five- or six-membered, 

more preferably six-membered. The hetero-atom is prefera- 
bly oxygen or sulfur atom. 

Examples of Ar-L(-OH)jn are shown below, 

25 LI: Ar-CO-NH-divalent aliphatic group-OH 

L2 : Ar-CO-NH-trivalent aliphatic group ( -OH) 2 

L3: Ar-CO-NH-hexavalent aliphatic group ( -OH) 5 

L4: Ar-CO-NH-pentavalent aliphatic heterocyclic group ( -OH) 4 

L5: Ar-CO-O-tri valent aliphatic group ( -OH) 2 

30 L6: Ar-CO-O-divalent aliphatic group-O-trivalent aliphatic 
group ( -OH ) 2 

li? : Ar-CO-O-divalent aliphatic group-O-divalent aliphatic 
group-O-trivalent aliphatic group ( -OH) 2 
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L8: Ar-CO-O-divalent aliphatic group-O-divalent aliphatic 
group-O-divalent aliphatic group-O-trivalent aliphatic 
group ( -OH ) 2 

L9: Ar-divalent aliphatic group-O-trivalent aliphatic 
group ( -OH ) 2 

LIO: Ar-divalent aliphatic group-O-divalent aliphatic 
group-O-trivalent aliphatic group ( -OH) 2 
Lll: Ar-divalent aliphatic group-O-divalent aliphatic 
group-O-divalent aliphatic group-O-trivalent aliphatic 
group ( -OH ) 2 

L12 : Ar-divalent aliphatic group-O-divalent aliphatic 
group-O-divalent aliphatic group-O-divalent aliphatic 
group-O-trivalent aliphatic group ( -OH) 2 

The compound represented by the formula (I) preferably 
has a polymerizable group. If so, aligned molecules of the 
compound can be polymerized to fix the alignment, and 
thereby the optical character can be kept from changing by 
temperature . 

The polymerizable group can be connected directly or 
through a linking group to the aromatic groups (Ar^, Ar^, 
Ar^). The polymerizable group is preferably contained in a 
substituent group of the monovalent aromatic group (Ar^ or 
Ar2). Further preferably, each of the monovalent aromatic 
groups (Ari and Ar^ ) has the substituent group containing 
the polymerizable group. In other words, the compound rep- 
resented by the formula (I) preferably has a symmetric 
structure, and hence it preferably has the polymerizable 
group at each end. 

Examples of the polymerizable group (Q) are shown be- 
low. 
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(Ql) 

— CH=CHp 



(Q4) 



3H=CH-n-C3H7 

(Q7) 
— C5CH 



(QIO) 
H 

(Q13) 
—OH 

(Q16) 
— NH2 



(Q2) 

— CH=CH-CH3 
(Q5) 

— C=CH2 

(Q8) 

-<5 



(Qii) 

— SH 



(Q14) 
— CO2H 

(Q17) 
— SO3H 



(Q3) 

— CH=CH-C2H5 
(Q6) 

— CH=C-CH3 
CH3 

(Q9) 

CH3 

(Q12) 
— CHO 



(Q15) 

— N=C=0 

(Q18) 
— N=C=S 



The polymerizable group (Q) preferably is an unsatu- 
rated polymerizable group (Ql to Q7 ) , an epoxy group (Q8, 
Q9) or an aziridinyl group (QlO), more preferably is an un- 
5 saturated polymerizable group, further preferably is an 

ethylenically unsaturated group (Ql to Q6), and most pref- 
erably is vinyl (Ql). 

The polymerizable group is preferably connected 
through a linking group to the aromatic ring (of the aro- 
10 matic group) . 

The linkage among the aromatic group, the linking 
group and the polymerizable group is represented by the 
formula: Ar-L-Q in which Ar is one of the three aromatic 
groups (Ari, Ar^, Ar^ ) , L is a divalent linking group, and 
15 Q is a polymerizable group. 
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Preferred examples of the linking group (L) include - 
-S-, -NH-, -co-, a divalent aliphatic group and a com- 
bination thereof . 

The divalent aliphatic group is an alkylene group, a 
5 substituted alkylene group, an alkenylene group, a substi- 
tuted alkenylene group, an alkynylene group or a substitut- 
ed alkynylene group. Preferred are an alkylene group, a 
substituted alkylene group, an alkenylene group and a sub- 
stituted alkenylene group. An alkylene group and a substi- 
10 tuted alkylene group are more preferred, and an alkylene 
group is most preferred. 

The alkylene group has preferably 1 to 20, more pref- 
erably 2 to 12 carbon atoms. A chained alkylene group is 
preferred to a cyclic one, and a straight-chained alkylene 
15 group is preferred to a branched one. 

The alkenylene group has preferably 2 to 20, more 
preferably 2 to 12 carbon atoms. A chained alkenylene 
group is preferred to a cyclic one, and a straight-chained 
alkenylene group is preferred to a branched one. 
20 The alkynylene group has preferably 2 to 20, more 

preferably 2 to 12 carbon atoms. A chained alkynylene 
group is preferred to a cyclic one, and a straight-chained 
alkynylene group is preferred to a branched one. 

The alkylene moiety of the substituted alkylene group, 
25 the alkenylene moiety of the substituted alkenylene group 
and the alkynylene moiety of the substituted alkynylene 
group are the same as the corresponding groups described 
above. Examples of the substituent group of the above sub- 
stituted groups include halogen atoms (e.g., fluorine atom, 
30 chlorine atom), cyano, and an acyloxy group having 2 to 20 
(preferably 2 to 15) carbon atoms (e.g., acetyloxy, hex- 
anoyloxy, decanoyloxy) . 

Examples of Ar-L-Q are shown below. 
L21: Ar-CO-O-alkylene-O-CO-Q 
35 L22: Ar-NH-CO-alkylene-O-CO-Q 
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L23: 


Ar- 


-CO-O-alkylene-O- 


-Q 


L24: 


Ar- 


-CO-O-alkylene-Q 




L25: 


Ar- 


-NH-CO-alkylene-NH-CO-Q 


L26: 


Ar- 


-0-CO-alkylene-O- 


-CO-Q 


L27: 


Ar- 


-0-alkylene-O-CO- 


-Q 


L28: 


Ar- 


-O-alkylene-Q 




L29: 


Ar- 


-S-alkylene-O-CO- 


-Q 


L30: 


Ar- 


-alkylene-O-CO-Q 





10 Examples of the compound represented by the formula 

(I) are shown below. 

The compounds of (1) to (33) are examples in which in 
the formula (I) each of Ar^ and Ar2 independently is a 
monovalent aromatic hydrocarbon group, and Ar^ is a diva- 

15 lent aromatic hydrocarbon group. 

The compounds of (101) to (135) are examples in which 
in the formula (I) each of Ar^ and Ar2 independently is a 
monovalent aromatic hydrocarbon group, and Ar^ is a diva- 
lent aromatic f ive-membered heterocyclic group, a divalent 

20 condensed aromatic f ive-membered heterocyclic group or a 
divalent aromatic group formed by connecting two or three 
thereof . 

The compounds of (201) to (228) are examples in which 
in the formula ( I ) each of Ar^ and Ar^ independently is a 
25 monovalent aromatic hydrocarbon group, and Ar^ is a diva- 
lent aromatic six-membered heterocyclic group, a divalent 
condensed aromatic six-membered heterocyclic group or a di- 
valent aromatic group formed by connecting two or three 
thereof . 

30 The compounds of (301) to (343) are examples in which 

in the formula (I) Ar^ is a monovalent aromatic hydrocarbon 
group, a monovalent aromatic f ive-membered heterocyclic 
group or a monovalent condensed aromatic f ive-membered het- 
erocyclic group, Ar2 is a monovalent aromatic f ive-membered 
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heterocyclic group or a monovalent aromatic hydrocarbon 
group, and Ar^ is a divalent aromatic hydrocarbon group, a 
divalent aromatic f ive-membered heterocyclic group, a diva- 
lent condensed aromatic f ive-membered heterocyclic group, a 
5 divalent aromatic six-membered heterocyclic group, a diva- 
lent condensed aromatic six-membered heterocyclic group or 
a divalent aromatic group formed by connecting two or three 
thereof . 

The compounds of (401) to (447) are examples in which 
10 in the formula (I) each of Ar^ and Ar2 independently is a 
monovalent cyano-substituted aromatic group, and Ar^ is a 
divalent aromatic group. 

The compounds of (501) to (521) are examples in which 
in the formula (I) Ar^ is a monovalent aromatic group, Ar^ 
15 is a monovalent aromatic six-membered heterocyclic group, 
and Ar3 is a divalent aromatic hydrocarbon group, a diva- 
lent aromatic f ive-membered heterocyclic group, a divalent 
condensed aromatic f ive-membered heterocyclic group, a di- 
valent aromatic six-membered heterocyclic group, a divalent 
20 condensed aromatic six-membered heterocyclic group or a di- 
valent aromatic group formed by connecting two or three 
thereof . 

The compounds of (601) to (626) are examples in which 
in the formula (I) each of Ar^ and Ar2 independently is a 
25 monovalent aromatic group, Ar^ is a divalent aromatic group, 
and at least one of Ar^, Ar2 and Ar^ has a substituent 
group containing hydroxyl. 
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(28) 




9 

(CH2)6 

O 

CO 

CH 
II 

CH2 



(29) 




9 

(CH2)6 

o 

I 

CO 
I 

CH 
11 

CH2 



(30) 



F 




9 

(CH2)6 

o 

CO 
CH 
CH2 
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96*^13 
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9 



- 48 - 

(134) (135) 



CN CjjH,^ 




C7H15 
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(216) 

Cf-CHg 

90 

9 




9 
90 



9,-CH3 



(217) 




9 

(9H2)2 

9 
90 



(218) 




9 

(9H2)2 

9 

90 

CH2 



(222) (223) (224) 
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NH 



(226) 
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(227) 
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(228) 

9,H2 

9H 
90 

9 

(9H2)6 




9 

(9H2)6 

9 

90 



CH2 
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(304) 




9 

(9H2)6 

9 

90 

CH2 



(305) 



H3C, 




9 

90 

CH2 



(306) 




9 
9 

90 
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(308) 



(309) 



F3C 





CoH. 
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(9H2)6 

9 

90 

9.H 



CH2 



(314) 

9H2 f|H2 
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9 9 




(315) 
9H2 

9H 9H 
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(320) 



(321) 



CpHc 
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(329) (330) 
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(338) 




9 

(CH2)5 

o 

I 

CO 
I 

CH 
II 

CH2 



(339) 
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(CH2)5 
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I 

CO 
I 

CH 
II 
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CoHc 



CO 
CH 





9 V 

90 <^o 
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CH2 CH2 
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(407) 

CN 9H2 

"Mo 

T 9 



CN 



(408) 

CN 9H2 

^} 

f?, 



o 

CN 
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CN 9H2 

NyN^ 

fr, 

X 

N/^N 
CN 
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(513) 

CH2 

CH 
I 

CO 



(514) 



ii 

CH 



CO 



(515) 



CHp 



CO 



(9^2)4 




CFc 
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A 

H3C CH2 

CHp 

o 

CO 

CH 
ii 

CHp 
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(625) (626) 




The compound represented by the formula (I) can be 
synthesized according to, for example, Macromolecules , 
2j6(1993), pp. 5840, J. Mater. Chem. , 4(1994), pp. 1547 and 
Japanese Patent Publication No. 2000-198755. 
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[Synthesis example 1] 
Synthesis of Compound ( 1 ) 




A mixture of 0.34 mol of Compound (1-a), 0.165 mol of 
5 Compound (1-b), 0.00049 mol of Compound (1-c), 0.00059 mol 
of copper (I) iodide and 0.0025 mol of triphenylphosphine 
was added into 480 ml of triethyl amine, and then refluxed 
under nitrogen gas atmosphere for 8 hours. After cooled to 
room temperature, 800 ml of ethyl acetate was added to the 
10 reaction liquid to precipitate fine crystals. The formed 

crystals were removed by filtration, and washed with 200 ml 
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of ethyl acetate. The filtrate was condensed under reduced 
pressure, and the residue was dissolved in 500 ml of tetra- 
hydrofuran. To the solution, 60 ml of water and 20 ml of 
concentrated hydrochloric acid were added and stirred for 3 
hours at room temperature. After 400 ml of ethyl acetate 
was further added, the organic phase was washed with water. 
The organic phase was condensed, and then purified through 
silica-gel column chromatography (eluent: ethyl ace- 
tate/hexane, 1/4 to 1/2 by volume) to obtain Compound (1-d). 
[Yield: 64%] 

To 150 ml of dimethyl acetamide solution containing 
0.20 mol of Compound (1-d), an oil dispersion containing 
0.60 mol of sodiiam hydride was added under nitrogen gas at- 
mosphere. The mixture was stirred at room temperature for 
30 minutes, and then 0.44 mol of Compound (1-e) was added. 
The liquid was allowed to react at TO^C for 8 hours. After 
cooled to room temperature, 400 ml of ethyl acetate, 100 ml 
of 2M hydrochloric acid and 400 ml of water were added. 
The aqueous phase was removed, and the organic phase was 
washed twice with 300 ml of IM hydrochloric acid and once 
with 200 ml of saturated aqueous NaCl solution. The washed 
organic phase was dried with magnesium sulfate, and then 
condensed. The residue was purified through silica-gel 
column chromatography (eluent: ethyl acetate/hexane, 1/4 by 
volume) to obtain Compound (1). (Yield: 83%] 

The obtained compound showed phase transition to 
Nematic phase at SS'C and to isotropic phase at 116''C. 

[Synthesis example 2] 
Synthesis of Compound (2) 

In 300 ml of ethanol, 0.02 mol of Compound (1) and 
0.06 mol of t-butoxy potassium were mixed and refluxed for 
4 hours. After ethanol was removed, 300 ml of ethyl ace- 
tate, 300 ml of water and 2 0 ml of concentrated hydrochlo- 
ric acid were added. The aqueous phase was removed, and 



- 104 - 



the organic phase was washed with 0.5 M hydrochloric acid, 
dried with magnesium sulfate, and condensed. The residue 
was purified through silica-gel column chromatography (elu- 
ent: ethyl acetate) to obtain Compound (2). [Yield: 92%] 
5 The obtained compound showed phase transition to 

Nematic phase at 138°C and to isotropic phase at 201*'C. 

[Synthesis example 3] 
Synthesis of Compound (3) 

10 To 50 ml of dimethylacetamide solution containing 0.01 

mol of Compound (2), 0.03 mol of acrylic chloride was added 
and allowed to react for 5 hours. After 100 ml of ethyl 
acetate was added, the reaction liquid was washed three 
times with 200 ml of 1 M hydrochloric acid. The organic 

15 phase was dried with magnesium sulfate, and condensed. The 
residue was purified through silica-gel column chromatogra- 
phy (eluent: ethyl acetate/hexane, 1/4 by volume) to obtain 
Compound (3). [Yield: 75%] 

The obtained compound showed phase transition to 

20 Nematic phase at 62**C and to isotropic phase at lOT'C. 
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[Synthesis example 4] 
Synthesis of Compound (101) 

(101-a) 

+ 

(101-b) 
CH3 



Br 



PdCL 



+ 

(101-c) 



Br 



CH. 



Cul 



(101) 




A mixture of 0 
of Compound (101-b) 



34 mol of Compound (101-a), 0.165 mol 
0.00049 mol of Compound (101-c), 
0.00059 mol of copper (I) iodide and 0.0025 mol of triphen- 
ylphosphine was added into 480 ml of triethyl amine, and 
then refluxed under nitrogen gas atmosphere for 8 hours. 
After cooled to room temperature, 800 ml of ethyl acetate 
was added to the reaction liquid to precipitate fine crys- 
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tals. The formed crystals were removed by filtration, and 
washed with 200 ml of ethyl acetate. The filtrate was con- 
densed under reduced pressure, and the residue was dis- 
solved in 500 ml of tetrahydrof uran. To the solution, 60 
5 ml of water and 20 ml of concentrated hydrochloric acid 
were added and stirred for 3 hours at room temperature. 
After 400 ml of ethyl acetate was further added, the or- 
ganic phase was washed with water. The organic phase was 
condensed, and then purified through silica-gel column 

10 chromatography (eluent: ethyl acetate /hexane , 1/4 to 1/2 by 
volxame) to obtain Compound (101-d). [Yield: 58%] 

To 50 ml of dimethylacetamide solution containing 0.01 
mol of Compound (101-d), 0.022 mol of Compound (101-e) was 
added and allowed to react for 5 hours at room temperature. 

15 After 100 ml of ethyl acetate was added, the liquid was 
washed three times with 200 ml of IM hydrochloric acid. 
The organic phase was dried with magnesium sulfate, and 
then condensed. The residue was purified through silica- 
gel column chromatography (eluent: ethyl acetate /hexane, 

20 1/4 by volume) to obtain Compound (101). (Yield: 31%] 
The obtained compound showed phase transition to 
Nematic phase at 64°C and to isotropic phase at eV^C. 
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[Synthesis example 5] 
Synthesis of Compound (123) 
(123-a) 

C7Hi50-<^)-CECH 

+ (123) 
(123-b) 




A mixture of 40 mmol of Compound (123-a), 19.5 mmol of 
Compound (123-b), 0.19 mmol of Compound (123-c), 0.59 mmol 
of copper (I) iodide and 2.5 mmol of triphenylphosphine was 
added into a mixed solvent of 30 ml of triethyl amine and 
30 ml of tetrahydrof uran , and then refluxed under nitrogen 
gas atmosphere for 8 hours. After cooled to room tempera- 
ture, 100 ml of ethyl acetate was added to the reaction 
liquid to precipitate fine crystals. The formed crystals 
were removed by filtration, and washed with 50 ml of ethyl 
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acetate. The filtrate was condensed under reduced pressure, 
and the residue was dissolved in 100 ml of ethyl acetate. 
After washed with water, the organic phase was condensed 
and recrystallized twice from a mixed solvent of ethyl ace- 
5 tate/hexane to obtain Compound (123). [Yield: 52%] 

The obtained compound showed phase transition to 
Nematic phase at IG^C and to isotropic phase at lOl^C. 

[Synthesis example 6] 
10 Synthesis of Compound (121) 

The procedure of Synthesis example 5 is repeated ex- 
cept that 2 ,5-dibromothiophene was used in place of 2,5- 
dibromo- 3 -methyl thiophene (123-b), to prepare Compound 
(121). 

15 The obtained compound showed phase transition to 

Nematic phase at TS^C and to isotropic phase at 125**C. 

[Synthesis example 7] 
Synthesis of Compound (122) 
20 The procedure of Synthesis excunple 5 is repeated ex- 

cept that 5,5' -dibromo-2 , 2 ' -bithiophene was used in place 
of 2 , 5-dibromo-3-methylthiophene (123-b), to prepare Com- 
pound (122). 

The obtained compound showed phase transition to 
25 Nematic phase at 158°C and to isotropic phase at 214*'C. 

[Synthesis example 8] 
Synthesis of Compound (135) 

The procedure of Synthesis example 2 is repeated ex- 
30 cept that 2 , 5-dibromofuran was used in place of 2,5- 

dibromo-3-methylthiophene (123-b), to prepare Compound 
(135) . 

The obtained compound showed phase transition from 
isotropic phase to Nematic phase at 101°C while the tem- 

35 perature is descending. 
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[Synthesis example 9] 
Synthesis of Compound (201) 



(201 -a) 




A mixture of 0.41 mol of Compound (201-a), 0.20 mol of 
Compound (201-b), 0.00059 mol of Compound (201-c), 0.00072 
mol of copper (I) iodide and 0.0030 mol of triphenylphosphi- 
ne was added into 600 ml of triethyl amine, and then re- 
fluxed under nitrogen gas atmosphere for 8 hours. After 
cooled to room temperature, 1,000 ml of ethyl acetate was 
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added to the reaction liquid to precipitate fine crystals. 
The formed crystals were removed by filtration, and washed 
with 200 ml of ethyl acetate. The filtrate was condensed 
under reduced pressure, and the residue was dissolved in 
5 600 ml of tetrahydrofuran. To the solution, 80 ml of water 
and 25 ml of concentrated hydrochloric acid were added and 
stirred for 3 hours at room temperature. After 500 ml of 
chloroform was added, the organic phase was washed with wa- 
ter. The organic phase was condensed, and then purified 

10 through silica-gel coliamn chromatography (eluent: chloro- 
form /hexane, 1/2 to 3/1 by volume) to obtain Compound 
(201-d). [Yield: 53%] 

To 50 ml of dimethylacetamide solution containing 0.01 
mol of Compound (201-d), 0.022 mol of Compound (201-e) was 

15 added and allowed to react for 5 hours at room temperature. 
After 200 ml of ethyl acetate was added, the liquid was 
washed three times with 200 ml of IM citric acid. The or- 
ganic phase was dried with magnesium sulfate, and then con- 
densed. The residue was purified through silica-gel column 

20 chromatography (eluent: ethyl acetate /hexane, 1/4 to 1/2, 

by volume) to obtain Compound (201), which was confirmed by 
mass spectrum. [Yield: 34%] 



- Ill - 



[Synthesis example 10] 
Synthesis of Compound (316) 
(316-a) 




A mixture of 0.3 mol of Compound (316-a), 0.315 mol of 
5 Compound (316-b), 0.9 mmol of Compound (316-c), 1.08 mmol 
of copper(I) iodide and 4.5 mmol of triphenylphosphine was 
added into 600 ml of triethyl amine, and then refluxed un- 
der nitrogen gas atmosphere for 8 hours. After cooled to 
room temperature, 800 ml of ethyl acetate was added to the 
10 reaction liquid to precipitate fine crystals. The formed 

crystals were removed by filtration, and washed with 200 ml 
of ethyl acetate. The filtrate was condensed under reduced 
pressure, and the residue was dissolved in 500 ml of tetra- 
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hydrofuran. To the solution, 60 ml of water and 20 ml of 
concentrated hydrochloric acid were added and stirred for 3 
hours at room temperature. After 400 ml of ethyl acetate 
was further added, the organic phase was washed with water. 
5 The organic phase was condensed, and then purified through 
silica-gel column chromatography (eluent: ethyl ace- 
tate/hexane, 1/4 to 1/2, by volume) to obtain Compound 
(316-d). [Yield: 72%] 

In a mixed solvent of 400 ml of toluene and 160 ml of 

10 pyridine, 0.2 mol of Compound (316-d) was dissolved and 

cooled to O^C. To the solution, 180 ml of toluene solution 
dissolving 0.3 mol of trif luorosulf uric acid anhydride was 
dropped while the reaction liquid was kept at the tempera- 
ture of IS^C or below. The liquid was stirred for 3 hours 

15 at room temperature, and then left overnight. The reaction 
liquid was poured into a mixed solvent of 600 ml of icy 
water and 400 ml of ethyl acetate, and stirred fot 1 hour. 
After the aqueous phase was removed, the organic phase was 
washed twice with 300 ml of water. The organic phase was 

20 dried with magnesium sulfate, and then condensed. The 

residue was purified through silica-gel column chromatogra- 
phy (eluent: ethyl acetate/hexane, 1/7 to 1/4, by volume) 
to obtain Compound (316-e). [Yield: 92%] 
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CoH, 




A mixture of 0.16 mol of Compound (316-e), 0.17 mol of 
Compound (316-f), 0.48 mmol of Compound (316-c), 0.58 mmol 
of copper (I) iodide and 2.4 mmol of triphenylphosphine was 
added into 300 ml of triethyl amine, and then refluxed un- 
der nitrogen gas atmosphere for 8 hours . After cooled to 
room temperature, 400 ml of ethyl acetate was added to the 
reaction liquid to precipitate fine crystals. The formed 
crystals were removed by filtration, and washed with 100 ml 
of ethyl acetate. After the filtrate was condensed under 
reduced pressure, the residue was mixed with 300 ml of iso- 
propanol and 0.24 mol of t-butoxy potassium, followed by 
refluxing for 3 hours. From the reaction liquid, about 200 
ml of isopropanol was distilled off under atmospheric pres- 
sure. After cooled to room temperature, 300 ml of ethyl 
acetate, 100 ml of 1 M hydrochloric acid and 200 ml of wa- 
ter were added. The aqueous phase was removed, and the or- 
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ganic phase was once washed with 200 ml of water. The or- 
ganic phase was condensed, and the residue was purified 
through silica-gel column chromatography (eluent: ethyl 
acetate /hexane, 1/4 to 1/2, by volume) to obtain Compound 
5 (316-g). [Yield: 58%] 

A mixture of 0.08 mol of Compound (316-g), 0.085 mol 
of Compound (316-h), 0.24 mmol of Compound (316-c), 0.29 
mmol of copper (I) iodide and 1.2 mmol of triphenylphosphine 
was added into 150 ml of triethyl amine, and then refluxed 

10 under nitrogen gas atmosphere for 8 hours. After cooled to 
room temperature, 200 ml of ethyl acetate was added to the 
reaction liquid to precipitate fine crystals. The formed 
crystals were removed by filtration, and the crystals were 
washed with 50 ml of ethyl acetate. After the filtrate was 

15 condensed under reduced pressure, the residue was mixed 

with 200 ml of ethyl acetate, 50 ml of IM citric acid and 
200 ml of water. The aqueous phase was removed, and the 
organic phase was washed three times with 100 ml of water. 
The organic phase was condensed, and the residue was puri- 

20 fied through silica-gel column chromatography (eluent: eth- 
yl acetate /hexane, 1/4 to 1/2, by volume) to obtain Com- 
pound (316-i). [Yield: 72%] 
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To 0.12 mol of lithium aluminium hydride, 50 ml of 
tetrahydrofuran was added. To the resulting solution, 50 
ml of tetrahydrofuran containing 0.04 mol of Compound (316- 
i) was slowly added. The reaction liquid was refluxed for 
4 hours, and then cooled to room temperature. After 
further cooled with icy water, 4.55 ml of water, 4.55 ml of 
15 wt.% aqueous solution of sodium hydroxide and 13.7 ml of 
water were sequentially and slowly added. The mixture was 
stirred for 2 hours at room temperature, and left overnight. 
The liquid was filtered, and washed with 50 ml of tetrahy- 
drofuran. After the reaction liquid was condensed, the 
residue was purified through silica-gel column chromatogra- 
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phy (eluent: chlorof orm/methanol, 1/0 to 10/1, by volume) 
to obtain Compound (316-j). [Yield: 92%] 

To 50 ml of dimethylacetoamide solution containing 
0.03 mol of Compound (315-j), 0.12 mol of Compound (316-k), 
5 a catalytic amount of 4- (N,N-dimethylamino) pyridine and a 
catalytic amount of nitrobenzene were added and allowed to 
react for 8 hours at room temperature. After 200 ml of 
ethyl acetate was added, the reaction liquid was washed 
three times with 200 ml of 1 M hydrochloric acid. The or- 
10 ganic phase was dried with magnesium sulfate, and then con- 
densed. The residue was purified through silica-gel column 
chromatography (eluent: ethyl acetate /hexane , 1/4, by vol- 
ume) to obtain Compound (316). [Yield: 53%] 
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[Synthesis example 11] 
Synthesis of Compound (318) 
(318-a) 




A mixture of 11 mmol of Compound (318-a), 5 mmol of 
Compound (318-b), 0.033 mmol of Compound (318-c), 0.04 mmol 
of copper(I) iodide and 0.165 mmol of triphenylphosphine 
was added into 400 ml of triethyl amine, and then refluxed 
under nitrogen gas atmosphere at 90°C for 8 hours. After 
cooled to room temperature, 60 ml of ethyl acetate was add- 
ed to the reaction liquid to precipitate fine crystals . 
The formed crystals were removed by filtration, and washed 
with 50 ml of ethyl acetate. The filtrate was condensed 
under reduced pressure, and the residue was dissolved in 
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100 ml of chloroform. The organic phase was washed with 
water, and then condensed and purified through silica-gel 
column chromatography (eluent: chlorof orm/hexane , 1/1 to 
3/1, by volume) to obtain Compound (318). [Yield: 63%] 

[Synthesis example 12] 
Synthesis of Compound (326) 
(326-a) 




The procedure for preparing Compound (316-e) in Syn- 
thesis example 10 was repeated except that Compound (326-a) 
and Compound (326-b) were used as the starting materials, 
to obtain Compound (326-e). 
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15 



The procedure of Synthesis example 10 was repeated ex- 
cept that the above -prepared Compound (326-e) was used, to 
obtain Compound (326). 

[Synthesis example 13] 
Synthesis of Compound (401) 

(401 -a) 

COOH 




To 800 ml of dimethylformamide, 0.4 mol of Compound 
10 (401-a) and 0.4 mol of sodium hydrogencarbonate were added. 
After the mixture was stirred for 1 hour at 7 0*'C, 0.4 mol 
of Compound (401-b) was added and then further stirred for 
6 hours at VO'C. The reaction mixture was cooled to room 
temperature, and poured into 1,500 ml of water. The pro- 
15 duct was abstracted with ethyl acetate, and washed twice 
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with water. After dried with magnesium sulfate, the sol- 
vent was distilled off. By recrystallization from ethyl 
acetate /hexane. Compound (401-c) in the form of white solid 
was obtained. [Yield: 95%] 



(401-c) 



5 




A mixture of 0.165 mol of Compound (401-c), 0.34 mol 
of Compound (401-d), 0.00049 mol of Compound (401-e), 
0.00059 mol of copper (I) iodide and 0.0025 mol of triphen- 
ylphosphine was added into 480 ml of triethyl amine, and 
10 then refluxed under nitrogen gas atmosphere for 8 hours. 
After cooled to room temperature, 800 ml of ethyl acetate 
was added to the reaction liquid to precipitate fine crys- 
tals. The formed crystals were removed by filtration, and 
washed with 200 ml of ethyl acetate. The filtrate was con- 
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densed under reduced pressure. The organic phase was 
washed with water, and then condensed and purified through 
silica-gel column chromatography (eluent: ethyl ace- 
tate/hexane, 1/10 to 1/5, by volume) to obtain Compound 
5 (401-f). [Yield: 54%] 

The above Compound (401-d) was beforehand prepared ac- 
cording to the report by Takahashi et al (SYNTHESIS, pp. 
627 to 630(1980)). 

In 50 ml of dichloromethane , 0.01 mol of Compound 

10 (401-f) was dissolved. To the solution, a liquid in which 
14 g of sodiiam hydroxide was dissolved in 35 ml of water 
and 250 ml of ethanol was added. The mixture was refluxed 
for 24 hours, and the organic phase was distilled off under 
reduced pressure to obtain crude product. The crude pro- 

15 duct was added into 1 L of water, and the pH value was ad- 
justed to 1 with concentrated hydrochloric acid. The 
formed yellowish precipitate of Compound (401-g) was col- 
lected by filtration, and washed with water. The thus- 
obtained product was dried in vacuum' with phosphorus pen- 

20 toxide, and used without purification in the following pro- 
cedure. The yield of Compound (401-g) was 91%. 



(401-g) (401) 




In 70 ml of dried tetrahydrof uran, 0.008 mol of Com- 
pound (401-g) and 0.008 mol of 4-hydroxydibutylacrylate 
were dissolved. To the solution, 0.08 mol of 1,3- 
5 dicyclohexylcarbodiimide and 0.18 g of 4- 

dimethylaminopyridine were added. The mixture was stirred 
for 24 hours, and then the solvent was distilled off under 
reduced pressure. Hydrated dicyclohexylcarbodidimide was 
filtered off, and washed with dichloromethane . After the 
10 solvent was distilled off, purification through silica-gel 
column chromatography (eluent: chlorof orm/hexane, 1/3 to 
1/1, by volume) was carried out to obtain Compound (401), 
which was confirmed by ^H-NMR and mass spectrum. [Yield: 
63%] 
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[Synthesis example 14] 
Synthesis of Compound (521) 



(521 -a) (521-b) 
Br Br 




In 1.2 L of methylene chloride, 1.0 mol of Compound 
5 (521-a) was dissolved. After 2.0 mol of pyridine was added 
to the solution, the liquid was cooled to 3°C. While the 
liquid was kept at lO'C or below, 1.1 mol of acetylchloride 
was dropped. After stirred for 5 hours, the reaction liq- 
uid was washed with water. The liquid was condensed, and 
10 purified through silica-gel column chromatography (eluent: 
chloroform/hexane, 1/4 to 1/0, by volume) to obtain 0.83 
mol of Compound (521-b). 
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(521 -d) (CH3)3S i -C ECH 
(521-d) 
PdClg 

(521 -e) 



(521-f) 

Si(CH3)3 
C 




A mixture of 0.83 mol of Compound (521-b), 1.25 mol of 
Compound (521-c), 3.7 mmol of Compound (521-d), 4.5 mmol of 
copper(I) iodide and 18.7 mmol of Compound (521-e) was add- 
ed into 1.5 L of triethyl amine, and then refluxed under 
nitrogen gas atmosphere for 8 hours. After cooled to room 
temperature, 800 ml of ethyl acetate was added to the reac- 
tion liquid to precipitate fine crystals. The formed crys- 
tals were removed by filtration, and washed with 200 ml of 
ethyl acetate. The filtrate was condensed under reduced 
pressure. The residue was dissolved in 1 L of ethyl ace- 
tate, and washed with water and aqueous solution of sodium 
chloride- The organic phase was condensed, and purified 
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through silica-gel column chromatography (eluent: chloro- 
fonn/hexane, 1/4 to 1/2, by voliame) to obtain 0.62 mol of 
Compound ( 52 1-f ) . 



In 800 ml of methanol, 0.62 mol of Compound (521-f) 
was suspended. To the liquid, 0.75 mol of potassium car- 
bonate was added. After stirred for 5 hours at room tem- 
perature, the reaction liquid was poured into 3 L of 0.5 N 
hydrochloric acid. The precipitated crystals were collect- 
ed by filtration, washed and dried to obtain 0.60 mol of 
Compound ( 52 1-g ) . 



(521-f) 




(52 1-g) 



6o 

CH3 



60 
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(521 -i) 



CH3 

CO 
I 

O 
I 




6H3 



A mixture of 0.60 mol of Compound (521-g), 0.29 mol of 
Compound (521-h), 1.8 mmol of Compound {521-d), 2.2 mmol of 
copper (I) iodide and 9.0 mmol of Compound (521-e) was added 
5 into 800 ml of triethyl amine, and then refluxed under ni- 
trogen gas atmosphere for 8 hours. After cooled to room 
temperature, 400 ml of ethyl acetate was added to the reac- 
tion liquid to precipitate fine crystals. The formed crys- 
tals were removed by filtration, and washed with 100 ml of 
10 ethyl acetate. The filtrate was condensed under reduced 
pressure. The residue was dissolved in 600 ml of chloro- 
form, and washed with water and aqueous solution of sodium 
chloride. The organic phase was condensed, and purified 
through silica-gel coliamn chromatography (eluent: chloro- 
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form/hexane, 1/8 to 1/2, by volume) to obtain 0.17 mol of 
Compound ( 5 2 1 -i ) . 



(521-i) 




In a mixture of 500 ml of tetrahydrof uran and 100 ml 
5 of methanol, 0.17 mol of Compound (521-i) was dissolved. 

To the solution, 70 ml of 6N sodiiam hydroxide aqueous solu- 
tion was added. The reaction liquid was stirred for 5 
hours, and then poured into 800 ml of water to precipitate 
crystals. The crystals were collected by filtration, 
10 washed with water, and dried to obtain 0.155 mol of Com- 
pound (521-j). 



(521) 




I 

CO 

CH2 



In 300 ml of methylene chloride, 0.1 mol of Compound 
(521-j) was dissolved. After 0.4 mol of pyridine and 0.1 
ml of nitrobenzene were added to the solution, the liquid 
5 was cooled to 3°C. While the liquid was kept at ICC or 
below, 0.25 mol of acrylchloride was dropped. After 
stirred for 5 hours at room temperature, the reaction liq- 
uid was washed with water. The liquid was condensed, and 
purified through silica-gel column chromatography {eluent: 
10 chlorof orm/hexane , 1/8 to 1/2, by volume) to obtain 0.063 
mol of Compound (521). 
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[Synthesis example 15] 
Synthesis of Compound (601) 
(601 -a) 



COOH 




(601-c) 



CO-O-CH. 



-Br 



(601-b) 




Br-CH. 



5 



In 1,000 ml of benzene, 0.4 mol of Compound (601-a) 



and 0.4 mol of 1 , 8-diazabicyclo[ 5 . 4 . 0 ] -7-undecene were re- 
fluxed for 5 hours. After the reaction liquid was cooled 
to room temperature, 500 ml of ethyl acetate was added. 
The liquid was washed sequentially with 2 N hydrochloric 
acid, water and 5% sodium hydrogencarbonate aqueous solu- 
tion in this order, and then dried with magnesium sulfate. 
The solvent was distilled off to obtain Compound (601-c). 
[Yield: 95%] 
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A mixture of 0.165 mol of Compound (601-c), 0.34 mol 
of Compound (601-d), 0.00049 mol of Compound (601-e), 
0.00059 mol of copper (I) iodide and 0.0025 mol of triphen- 
ylphosphine was added into 480 ml of triethyl amine, and 
then refluxed under nitrogen gas atmosphere for 6 hours. 
After cooled to room temperature, 800 ml of ethyl acetate 
was added to the reaction liquid, so as to precipitate fine 
crystals. The formed crystals were removed by filtration, 
and washed with 200 ml of ethyl acetate. The filtrate was 
condensed under reduced pressure, and 400 ml of ethyl ace- 
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tate was added. The organic phase was washed with water, 
and then condensed and purified through silica-gel column 
chromatography (eluent: ethyl acetate/hexane, 1/20 to 1/5, 
by volume) to obtain Compound (601-f). [Yield: 52%] 
5 In 100 ml of tetrahydrof uran, 0.01 mol of Compound 

(601-f) was dissolved. To the solution, a liquid in which 
4 g of sodium hydroxide was dissolved in 20 ml of water was 
added. The mixture was allowed to react at room tempera- 
ture for 24 hours. After the reaction was completed, 2 N 

10 hydrochloric acid was added so that the pH value might be 
1.0 to precipitate crystals of Compound (601-g). The 
formed precipitate was collected by filtration, and washed 
with water- The thus-obtained Compound (601-g) was dried 
in vacuiam with phosphorus pentoxide, and used without puri- 

15 fication in the following procedure. The yield of Compound 
(601-g) was 93%. 



(601-g) (601-h) 




In 70 ml of ethyl acetate, 0.008 mol of Compound (601- 
g) and 1 , 2-O-isopropylideneglycelol were dissolved. To the 
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solution, 0.08 mol of 1 , 3-dicyclohexylcarbodiimide dis- 
solved in 60 ml of ethyl acetate and 0.18 g of 4- 
dimethylaminopyridine were added. The mixture was stirred 
for 24 hours to precipitate crystals, which were filtered 
5 off and washed with ethyl acetate. After the solvent was 
distilled off, purification through silica-gel column chro- 
matography (eluent: chlorof orm/hexane , 1/8 to 1/2, by vol- 
ume) was carried out to obtain Compound (601-h). [Yield: 
72%] 

(601-h) (601) 




In a mixture of 150 ml of tetrahydrof uran , 30 ml of 
methanol and 20 ml of water, 0.005 ml of Compound (601-h) 
was dissolved. To the solution, 1 g of p-toluenesulfonic 
acid was added. The mixture was allowed to react at room 
15 temperature for 24 hours. After 300 ml of ethyl acetate 
was added, the organic phase was washed sequentially with 
water, saturated sodium hydro ge near bona te aqueous solution 
and water in this order. The organic phase was then dried 
with sodium sulfate, condensed and purified through silica- 
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gel coliunn chromatography (eluent: chlorof orm/hexane , 10/0 
to 10/1, by volume) to obtain Compound (601), which was 
confirmed by ^H-NMR. [Yield: 68%] 

5 Fig. 1 is a sectional view schematically illustrating 

a basic structure of an optical film. 

The optical film shown in Fig. 1 comprises a transpar- 
ent support (11) and a polarizing layer (12) provided 
thereon. The polarizing layer (12) consists of a discon- 

10 tinuous phase (13) and a continuous phase (14). The dis- 
continuous phase (13) comprises an optically anisotropic 
compound showing birefringence, whose two birefringent in- 
dexes (nl, n2 ) in the discontinuous phase depend on charac- 
ters and aligning degree of the optically anisotropic com- 

15 pound. In order that the optical film serves as a polariz- 
ing element of light-scattering type, it is necessary that 
either nl or n2 be essentially the same as the refractive 
index of the continuous phase (i.e., less than 0.005). The 
direction giving essentially the same refractive index (nl 

20 or n2) corresponds to the transparent axis of the polariz- 
ing layer . 

Fig. 2 is a sectional view schematically illustrating 
a basic structure of a liquid crystal display. 

A generally used liquid crystal display comprises a 
25 backlight (21) of edge light type as a light source. From 
the bottom side, a reflecting plate (22) and a light- 
leading plate (23) are overlaid. These plates make light 
of the backlight come out to the surface. The backlight 
may be placed at the bottom (direct type), and in that case 
30 the light-leading plate is unnecessary. Even if the liquid 
crystal display adopts the backlight of direct type without 
the light-leading plate, the optical film of the invention 
can be effectively used. 

A liquid crystal cell (26) sandwiched between a pair 
35 of conventional polarizing elements of light-absorbing type 
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(24, 25) is placed above the light source (21) to display 
images. The lower polarizing element of light-absorbing 
type (24) absorbs at least 50% of light emitted from the 
light source (21), and hence the efficiency of light is 
5 theoretically less than 50% in this constitution. 

Fig. 3 is a sectional view schematically illustrating 
a liquid crystal display equipped with the optical film. 

The liquid crystal display of Fig. 3 is the simplest 
example in which the optical film effectively works. 

10 The optical film (31) functions as a polarizing ele- 

ment of light-scattering type, which selectively transmits 
light polarized parallel to the transparent axis of the po- 
larizing element of light-scattering type (24). Light po- 
larized perpendicularly to the transparent axis is par- 

15 tially scattered foirward by the film (31), and depolarized 
so that the polarizing plane may be parallel to the trans- 
parent axis. On the other hand, the perpendicularly polar- 
ized light is also partially scattered backward by the film 
(31). The back scattered light comes back to the light 

20 source (21) side to be depolarized by the light-leading 

plate (23) and reflected by the reflection plate (22). The 
reflected depolarized light reenters the optical film (31) 
to be reused. Thus, the efficiency of light is improved. 

Fig. 4 is a sectional view schematically illustrating 

25 another liquid crystal display equipped with the optical 
film. 

The liquid crystal display of Fig. 4 is an example in 
which a polarizing plate of light-scattering type (32) hav- 
ing the optical film as a protective film is used in combi- 
30 nation with another functional film. 

Light emitted from the light source (21) is made to 
have even brightness in the plane by a scattering sheet 
(33). Further, the display comprises a film (34) condens- 
ing light to a predetermined direction, and thereby light 
35 extremely obliquely coming (users do not see such light) is 
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condensed to the front so as to improve the efficiency of 
light. In this display, though the amount of light slight- 
ly obliquely coming (users may see such light) is reduced, 
natural viewing angel distribution can be realized because 
5 light is adequately defused and the brightness is improved 
on the same principle as described above in Fig. 3. 

In the liquid crystal display of Fig. 3, the amount of 
usable light is reduced by 10% because of reflection on the 
surface of the optical film (31) (in the side opposite to 

10 the polarizing layer) and that on the polarizing plate of 
light-absorbing type. In contrast, in the liquid crystal 
display of Fig. 4, those reflection surfaces are omitted 
because the optical film is used as a protective film of 
the polarizing plate, and hence the efficiency of light is 

15 improved at least by 10%. 

Fig. 5 is a sectional view schematically illustrating 
a further liquid crystal display equipped with the optical 
film. 

The liquid crystal display of Fig. 5 is further im- 
20 proved in brightness by the optical film and the polarizing 
plate . 

In the display of Fig. 5, an anti-reflection layer 
(35) is provided on the polarizing layer directly or via 
another layer so as to reduce reflection on the surfaces 

25 and accordingly to increase the amount of light coming into 
the polarizing layer. Further, a X/4 plate (36) is provid- 
ed below the polarizing plate (32). Because of rotation of 
polarizing direction of light scattered backward (back 
scattered light), back scattered light polarized perpen- 

30 dicularly to the transparent axis of the polari2!ing plate 

of light-absorbing type passes through the X,/4 plate twice, 
so that the polarizing axis may rotate to be parallel to 
the transparent axis so as to improve the efficiency of 
light. 
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The transparent support preferably has a light trans- 
mittance of 80% or more. Further, the support preferably 
shows optical isotropy when seen from the front. It is, 
therefore, preferred that the support be made of materials 
5 showing small birefringence (e.g., cellulose triacetate). 
Commercially available polymer films (e.g., Zeonex, Zeonoa 
[Nippon Zeon Co., Ltd.]; ARTON [JSR Co., Ltd.]; Fujitac 
[Fiji Photo film Co., Ltd.]; triacetyl cellulose) are also 
usable. Further, an optically isotropic transparent sup- 

10 port can be made of even materials showing large birefrin- 
gence (e.g., polycarbonate, polyester, polyarylate, poly- 
sulfone, polyethersulfone) if conditions of film forming 
(solvent cast, melt extruding) or stretching laterally or 
longitudinally are adequately selected. 

15 In the case where a film protecting, the polarizing 

layer of polarizing plate is used as the transparent sup- 
port, a cellulose triacetate film is particularly preferred. 

The thickness of the transparent support is preferably 
in the range of 10 to 500 jum, more preferably 40 to 200 fmi. 

20 An undercoating layer may be provided on the support 

to enhance adhesion between the support and the neighboring 
layer. There is no particular restriction on materials for 
the undercoating layer, but generally gelatin, 
poly(meth)acrylate resin, substituted resins thereof and 

25 styrene-butadiene resin are used for the undercoating layer 
on an acetyl cellulose support. The support may be sub- 
jected to a surface treatment (e.g., chemical treatment, 
mechanical treatment, corona discharge treatment, glow dis- 
charge treatment ) . 

30 The discontinuous phase contains the liquid crystal 

compound represented by the formula (I). The polarizing 
layer has the discontinuous phase in an amount of 5 to 95 
wt.%, preferably 10 to 80 wt.%, more preferably 20 to 50 
wt.%. 
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Two or more liquid crystal compounds represen-ted by 
the formula (I) may be contained in the discontinuous phase. 
The liquid crystal compound represented by the formula (I) 
may be used in combination with other optically anisotropic 
5 compounds, which are preferably rod-like liquid crystal 
compounds. Examples of the rod-like liquid crystal com- 
pounds include azomethines, azoxys, cyanobiphenyls , cya- 
nophenyl esters, benzoic esters, phenyl esters of cyclohex- 
anecarboxylates, cyanophenylcyclohexanes , cyano-substituted 

10 phenylpyrimidines , phenyldioxanes , tolanes and alkenylcy- 

clohexylbenzonitriles. Descriptions of the rod-like liquid 
crystal compounds are found in "Kagaku-Sosetsu, Ekisho no 
Kageku" (written in Japanese), vol. 22(1994), Chapters 4, 7 
and 11; and "Ekisho Devise Handbook" (written in Japanese), 

15 chapter 3. 

The discontinuous phase preferably consists of parti- 
cles whose mean size (radius) is preferably in the range of 
0.01 to 1 ^m, more preferably in the range of 0.05 to 0.7 
^m, providing that the particles are approximated to 

20 spheres. 

The continuous phase contains an optically isotropic 
compound, which is not particularly restricted as long as 
it is optically isotropic in the polarizing layer. The 
term "optically isotropic" here means having a birefringent 

25 index of less than 0.05. If an optically anisotropic com- 
pound shows optical isotropy in the polarizing layer, it 
can be used as the optically isotropic compound. Monomers 
polymerized by heat or ionization radiation are preferably 
used because they also serve as a binder forming the layer. 

30 The phase-separating structure of the polarizing layer 

can be obtained by coating process. In the coating process, 
a coating solution comprising the liquid crystal compound 
dispersed in an aqueous phase dissolving an aqua-soluble 
polymer compound is used since many liquid crystal com- 

35 pounds usable in the discontinuous phase are soluble in or- 
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ganic solvents. Water as a solvent hardly gives adverse 
effects to the environment, and hence an aqua-soluble po- 
lymer compound is preferably used. Besides that, in con- 
sideration of dispersion stability and aligning the liquid 
5 crystal molecules in stretching, polyvinyl alcohol or modi- 
fied polyvinyl alcohol is particularly preferred. 

The continuous phase is preferably crosslinked so that 
the external conditions such as temperature and humidity 
may not affect the phase. 

10 The polarizing layer has the continuous phase in an 

amount of 5 to 95 wt.%, preferably 20 to 90 wt.%, more 
preferably 50 to 80 wt.%. 

The polymer compound may be soluble either in water or 
in organic solvents . Examples of the aqua-soluble polymer 

15 compound include gelatin, agarose, cellulose, polyvinyl al- 
cohol and derivatives thereof, polyacrylic acid, polygalac- 
turonic acid, polyalginic acid and salts thereof. Examples 
of the polymer compound soluble in organic solvents include 
cellulose esters (e.g., triacetyl cellulose, di triacetyl 

20 cellulose, propionyl cellulose, butylyl cellulose, acetyl- 
propionyl cellulose, nitrocellulose), polyamide, polycar- 
bonate, polyesters {e.g., polyethylene terephthalate , poly- 
ethylene naphthalate, poly-1,4- 

cyclohexanedimethyleneterephthalate , polyethylene-1 , 2- 
25 diphenoxyethane-4,4 '-dicarboxylate, polybutylene terephtha- 
late), polystyrenes (e.g., syndiotactic polystyrene), poly- 
olefin (e.g., polypropylene, polyethylene, polymethylpen- 
tene), polysulfone, polyethersulfone, polyarylate, poly- 
ether imide, polymethyl methacrylate and polyether ketone. 
30 Examples of the monomers polymerized by heat or ioni- 

zation radiation include compounds having an ethylenically 
unsaturated polymerizable group, isocyanate group, epoxy 
group, aziridine group, oxazolidine group, aldehyde group, 
carbonyl group, hydrazine group, carbo, epoxy group, az- 
35 iridine group, oxazolidine group, aldehyde group, carbonyl 
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group, hydrazine group, carboxyl group, methylol group, ac- 
tive methylene group, vinylsulf onic acid, acid anhydride, 
cyanoacrylate derivatives, melamine, etherized methylol, 
esters and urethane, or methal alkoxide such as 
5 tetramethoxysilane . 

A compound having an ethylenically unsaturated polym- 
erizable group is preferably used because it can be easily 
polymerized by light. Further, a compound having two or 
more ethylenically unsaturated polymerizable groups is par- 
10 ticularly preferred because it is stable to heat after po- 
lymerized. 

Examples of the compound having two or more ethyleni- 
cally unsaturated polymerizable groups include esters of 
polyhydric alcohol and (meth) acrylic acid (e.g., ethylene 

15 glycol di (meth) aery late, 1 , 4-dichlorohexane acrylate, pen- 
taerythritol tetra( meth) acrylate, pentaerythritol 
tri (meth) acrylate, trimethylolpropane tri (meth) acrylate, 
trimethylolethane tri (meth) acrylate , dipentaerythritol 
tetra (meth) acrylate, dipentaerythritol penta( meth) acrylate, 

20 pentaerythritol hexa( meth) acrylate, 1 , 3 , 5-cyclohexanetriol 
triacrylate, polyurethane polyacrylate, polyester polyacry- 
late), vinylbenzene and derivatives thereof (e.g., 1,4- 
divinylbenzene , 4-vinylbenzoic acid-2-acryloyl ethylester, 
1, 4-divinylcyclohexanone) , vinylsulf ones (e.g., divinylsul- 

25 fone), acrylamides (e.g., methylene bisacrylamide ) and 
methacrylamide . 

In the case where an aqua-soluble polymer compound is 
used in the continuous phase, a surface active agent may be 
added so that the sizes of dispersed particles may be small 

30 enough to obtain good dispersion stability. There is no 

particular restriction on the surface active agent, and it 
may be either nonioic or ionic (anion, cation or betaine) . 

The nonionic surface active agent has a nonionic hy- 
drophilic group such as polyoxyethylene , polyoxypropylene , 

35 polyoxybutyiene, polyglycidyl or sorbitan. Examples of the 
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nonionic surface active agent include polyoxyethyleneal- 
kylether, polyoxyethylenealkylphenylether , polyoxyethylene- 
polyoxypropyleneglycol , partial ester of polyhydric alcohol 
with fatty acid, partial ester of polyoxyethylenepolyhydric 
5 alcohol with fatty acid, polyoxyethylene fatty acid ester, 
polyglycelol fatty acid ester, fatty cicid diethanolamide 
and partial ester of triethanolamine with fatty acid. 

The anionic surface active agent is, for example, car- 
boxylate, sulfate, sulfonate or phosphate. Examples of the 

10 anionic surface active agent include fatty acid salt, al- 
ky Ibenzenesulfonate, alkylnaphthalenesulfonate, alkylsul- 
fonate, a-olef insulfonate, dialkylsulf osuccinate , a- 
sulfonated fatty acid salt, N-methyl-N-oleyltaurine , petro- 
leum sulfonate, alkylsulfonate, sulfonated oil, polyoxyeth- 

15 ylenealkylethersulf ate, polyoxyethylenealkylphenylether sul- 
fate, polyoxyethylene styrenated phenylethersulf ate , alkyl- 
phosphate, polyoxyethylenealkyletherphosphate , and naphtha- 
lenesulfonate-f ormaldehyde condensation product. 

The cationic surface active agent is, for example, 

20 amine salt, quaternary ammonium salt and pyridinium salt. 
Examples of the cationic surface active agent include pri- 
mary, secondary or tertiary amine salt; and quaternary am- 
monium salt (tetraalkyl ammonium salt, trialkylbenzylammoni- 
um salt, alkylpyridiniiam salt or alkylimidazolium salt). 

25 The amphoteric surface active agent is, for example, 

carboxylbetaine or sulf obataine . Examples of the amphoter- 
ic surface active agent include N-trialkyl-N- 
carboxymethylammoniumbetaine and N-trialkyl-N- 
sulf onealkylammoniumbetaine . 

30 Those surface active agents are described in "Applica- 

tion of Surface Active Agent (written in Japanese)", writ- 
ten by Takao Karimai, published by Sachi-Shobo( 1980 ) . The 
amount of surface active agent used in the invention is not 
particularly restricted as long as it is enough to give the 

35 aimed surface activity. However, the amount is preferably 



in the range of 0.001 to 1 g, more preferably in the range 
of 0.01 to 0.1 g based on 1 g of the liquid crystal com- 
pound in the discontinuous phase. 

The polarizing layer can be formed by coating process 
5 according to dip coating method, air-knife coating method, 
curtain coating method, roller coating method, wire bar 
coating method, direct gravure coating method or extrusion 
coating method (described in U.S. Patent No. 2,681,294). 
Two or more layers can be simultaneously formed, and the 

10 simultaneous coating method is described in U.S. Patent Nos . 
2,761,791, 2,941,898, 3,508,9847, 3,526,528 and "Coating 
Engineering (written in Japanese)", written by Yuzi 
Harazaki, pp. 253(1973), published by Asakura-Shoten. 

The polarizing layer has a thickness preferably in the 

15 range of 1 to 200 ;im, more preferably in the range of 10 to 
120 pm. 

The polarizing layer can be formed, for example, by 
the steps of applying a coating solution onto an endless 
support (such as a drum or a band) or onto a transparent 

20 support, drying and peeling the foinmed film, stretching the 
film, and then laminating the stretched film on the trans- 
parent support. Otherwise, after the solution is applied 
on the transparent support, the formed film may be directly 
stretched. Further, the film may be laminated or trans- 

25 f erred onto another transparent support. 

The stretching degree is preferably 10 times or less 
in consideration of productivity, more preferably 5.0 times 
or less, further preferably 3.0 times or less, furthermore 
preferably twice or less, and most preferably 1.5 times or 

30 less. On the other hand, for ensuring effect of the 

stretching, the stretching degree is preferably 1.01 times 
or more . 

An additive for lowering the glass transition tempera- 
ture of the polymer compound in the continuous phase may be 
35 added so that the stretching may be easily perfoirmed. 
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There is no restriction on the additive. Examples of the 
additive include dibutylphthalate, triphenylphosphate and 
glycerol. If an aqua-soluble polymer compound is used in 
the continuous phase, glycerol is particularly preferred. 
5 The discontinuous phase of the polarizing layer has a 

birefringent index (|nl-n2|) preferably in the range of 
0.05 to 1.0, more preferably in the range of 0.10 to 1.0, 
further preferably in the range of 0.15 to 1.0. Here, the 
birefringent index (|nl-n2|) is defined as an absolute val- 

10 ue of difference between a refractive index (nl) along an 
axis included in the polarizing plane giving the maximum 
transmittance for all rays and a refractive index (n2) 
along an axis included in the polarizing plane giving the 
minimum transmittance for all rays. 

15 The continuous phase of the polarizing layer has a bi- 

refringent index preferably in the range of 0.05 or less, 
and the refractive index of the continuous phase is larger 
or smaller than nl or n2 of the optically anisotropic com- 
pound by less than 0.05, preferably by less than 0.01, 

20 further preferably by less than 0.001. 

The above-described relation between the refractive 
indexes of the continuous and discontinuous phases enables 
the optical film to select polarized light. The direction 
in which the refractive index of the continuous phase is 

25 essentially the same as that of the discontinuous phase 

(the difference between them is less than 0.05) corresponds 
to the transparent axis of the polarizing layer. 

The polarizing plate of light-scattering type equipped 
with the optical film is generally overlaid on the polariz- 

30 ing plate of light-absorbing type so that their transparent 
axes may be parallel to each other. This laminated compo- 
sition is placed on the liquid crystal cell as a polarizing 
element of backlight side so that the polarizing layer may 
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face the backlight, behind which a metal reflection plate 
is provided. 

An anti-reflection layer can be provided on the sur- 
face of polarizing layer side in the polarizing plate of 
5 light-scattering type. The anti-reflection layer reduces 
reflection, and consequently improves brightness of the 
display. The anti-reflection layer may be a layered compo- 
sition of low and high refractive index layers (described 
in Nippon Shashingakkaisi [Bulletin of Japan Photography 

10 Society (written in Japanese)], 29(1966), 29), or it may 
consist of only a low refractive index layer. 

Preferably, a X./4 plate is provided between the back- 
light and the laminated composition of polarizing plates of 
light-scattering type and light-absorbing type. The trans- 

15 parent axes of the polarizing plates are placed at 4 5** to 
the slow axis of the X/4 plate, and thereby the efficiency 
of light can be improved because of rotation of polarizing 
direction of back scattered light. 

The polarizing optical film or the polarizing plate of 

20 light-scattering type improves the efficiency of light in a 
liquid crystal display, and consequently increases bright- 
ness of the display. For effectively increasing the 
brightness, the transmittances T^j^x "^mxn polariz- 

ing planes giving the maximiam and minimum transmittances 

25 for all rays are preferably 75% or more and 60% or less, 

respectively. The values T^ax and T^in are more preferably 
80% or more and 50% or less, further preferably 85% or more 
and 40% or less, respectively. 

The polarizing optical film can be used in a liquid 

30 crystal display which comprises a liquid crystal cell in 

which a liquid crystal compound is sealed between a pair of 
substrates having a transparent electrode and a pixel elec- 
trode, and also which comprises a pair of polarizing plates 
sandwiching the liquid crystal cell. The optical film is ■ 
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laininal:ed with adhesive on the surface of the polarizing 
plate of backlight side in the liquid crystal cell. 

The polarizing plate of light-scattering type can be 
also used in the above liquid crystal display as the polar- 
5 izing plate of backlight side. In that case, the polariz- 
ing plate is placed so that the polarizing layer may be 
face the backlight side. 

The optical film or the polarizing plate of the inven- 
tion can be used in combination with a viewing angel- 
10 compensation film described in Japanese Patent Provisional 
Publication No. 2 ( 1990 ) -160204 and Japanese Patent No. 
2,587,398. 

EXAMPLE 1 

15 

(Preparation of coating solution for polarizing layer) 

In 150 g of ethyl acetate, 48 g of Compound (3), 1.0 g 
of a mixture of dipentaerythritolpentaacrylate and dipen- 
taerythritolhexaacrylate (DPHA, Nippon Kayaku Co., Ltd.) 
20 and 1.0 g of photopolymerization initiator (Irgacure 907, 
Ciba-Geigy) were dissolved. The solution was filtered 
through a polypropylene filter (porous size; 30 pan) to pre- 
pare a solution of polymerizable liquid crystal for discon- 
tinuous phase. 

25 Independently, 4.0 g of sodium dodecylbenzenesulf onate 

(surface active agent) was added into 2,000 g of 20 wt.% 
polyvinyl alcohol aqueous solution (PVA 205, Kuraray Co., 
Ltd. ) . The solution was filtered through a polypropylene 
filter (porous size: 30 ;jm) to prepare an aqueous solution 

30 for continuous phase . 

The prepared solutions were mixed in each amount of 
200 g, and the mixture was dispersed with an ultrasonic 
disperser to prepare a coating solution for polarizing 
layer. 

35 
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(Preparation of optical film) 

The coating solution for polarizing layer was applied 
from a die onto a polyethylene terephthalate film (thick- 
ness: 6 fjm) , and then dried to form a polarizing layer. 
The amount of applied solution was adjusted so that the 
formed polarizing layer may have a thickness of 30 ;im. The 
thus-prepared film (having the polarizing layer on the sup- 
port) was stretched by 1.25 times at 90°C under a dry con- 
dition, and then ripened for 2 minutes at 90°C. The film 
was exposed to ultraviolet light (200 mW/cm^, 400 mJ/cm2 ) 
emitted from a 160 W/cm air-cooling metal halide lamp (Eye- 
graphics Co. , Ltd. , wavelength region: 200 to 500 nm, maxi- 
mum intensity was given at 365 nm) , so as to harden the 
discontinuous phase. Thus, an optical film was prepared. 

F^^PJE^S 2 

(Preparation of coating solution for polarizing layer) 

In 150 g of ethyl acetate, 24 g of Compound (3), 24 g 
20 of Compound (4), 1.0 g of a mixture of dipentaerythri- 

tolpentaacrylate and dipent aery thritolhexaacry late (DPHA, 
Nippon Kayaku Co., Ltd.) and 1.0 g of photopolymerization 
initiator (Irgacure 907, Ciba-Geigy) were dissolved. The 
solution was filtered through a polypropylene filter 
25 (porous size: 30 ym) to prepare a solution of polymerizable 
liquid crystal for discontinuous phase. 

With 200 g of the aqueous solution for continuous 
phase prepared in Example 1, 200 g of the above -prepared 
solution was mixed. The mixture was then dispersed with an 
30 ultrasonic disperser to prepare a coating solution for po- 
larizing layer. 
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(Preparation of optical film) 

The coating solution for polarizing layer was applied 
from a die onto a polyethylene terephthalate film (thick- 
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ness: 6 pm) , and then dried to form a polarizing layer. 
The amount of applied solution was adjusted so that the 
formed polarizing layer may have a thickness of 30 fjm. The 
thus-prepared film (having the polarizing layer on the sup- 
5 port) was stretched by 1-25 times at SCC under a dry con- 
dition, and then ripened for 2 minutes at 50°C. The film 
was exposed to ultraviolet light (200 mW/cm^, 400 mJ/cm2) 
emitted from a 160 W/cm air-cooling metal halide lamp (Eye- 
graphics Co., Ltd., wavelength region: 200 to 500 nm, maxi- 
10 mum intensity was given at 365 nm) , so as to harden the 
discontinuous phase. Thus, an optical film was prepared. 

EXAMPLE 3 

(Preparation of coating solution for polarizing layer) 

In 150 g of ethyl acetate, 48 g of Compound (21), 1.0 
g of a mixture of dipentaerythritolpentaacrylate and dipen- 
taerythritolhexaacrylate (DPHA, Nippon Kayaku Co., Ltd.) 
and 1.0 g of photopolymerization initiator ( Irgacure 907, 
Ciba-Geigy) were dissolved. The solution was filtered 
through a polypropylene filter (porous size: 30 pim) to pre- 
pare a solution of polymerizable liquid crystal for discon- 
tinuous phase. 

With 200 g of the aqueous solution for continuous 
phase prepared in Example 1, 2 00 g of the above -prepared 
solution was mixed. The mixture was then dispersed with an 
ultrasonic disperser to prepare a coating solution for po- 
larizing layer. 

30 (Preparation of optical film) 

The coating solution for polarizing layer was applied 
from a die onto a polyethylene terephthalate film (thick- 
ness: 6 ^m) , and then dried to form a polarizing layer. 
The amount of applied solution was adjusted so that the 

35 formed polarizing layer may have a thickness of 30 ^im. The 
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thus-prepared film (having the polarizing layer on the sup- 
port) was stretched by 1.25 times at 115*0 under a dry con- 
dition, and then ripened for 2 minutes at 90°C. The film 
was exposed to ultraviolet light (200 mW/cm^, 400 mJ/cm^ ) 
5 emitted from a 160 W/cm air-cooling metal halide lamp (Eye- 
graphics Co., Ltd., wavelength region: 200 to 500 nm, maxi- 
m\am intensity was given at 365 nm) , so as to harden the 
discontinuous phase. Thus, an optical film was prepared. 

10 EXAMPLE 4 

(Preparation of coating solution for polarizing layer) 

In 150 g of ethyl acetate, 48 g of Compound (28), 1.0 
g of a mixture of dipentaerythritolpentaacrylate and dipen- 
taerythritolhexaacrylate (DPHA, Nippon Kayaku Co., Ltd.) 
and 1.0 g of photopolymerization initiator (Irgacure 907, 
Ciba-Geigy) were dissolved. The solution was filtered 
through a polypropylene filter (porous size: 30 ym) to pre- 
pare a solution of polymerizable liquid crystal for discon- 
tinuous phase. 

With 200 g of the aqueous solution for continuous 
phase prepared in Example 1, 200 g of the above -prepared 
solution was mixed. The mixture was then dispersed with an 
ultrasonic disperser to prepare a coating solution for po- 
larizing layer. 

(Preparation of optical film) 

The coating solution for polarizing layer was applied 
from a die onto a polyethylene terephthalate film (thick- 
30 ness: 6 pm) , and then dried to form a polarizing layer. 
The amount of applied solution was adjusted so that the 
formed polarizing layer may have a thickness of 30 ^m. The 
thus-prepared film (having the polarizing layer on the sup- 
port) was stretched by 1.25 times at 90°C under a dry con- 
35 dition, and then ripened for 2 minutes at 90°C. The film 
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was exposed to ultraviolet light (200 mW/cm2, 400 mJ/cm2) 
emitted from a 160 W/cm air-cooling metal halide lamp (Eye- 
graphics Co., Ltd., wavelength region: 200 to 500 ran, maxi- 
mum intensity was given at 365 nm) , so as to harden the 
5 discontinuous phase. Thus, an optical film was prepared. 

EXAMPLE 5 

(Preparation of coating solution for polarizing layer) 

In 150 g of ethyl acetate, 48 g of Compound (27) was 
dissolved. The solution was filtered through a polypropyl- 
ene filter (porous size: 30 ;L;m) to prepare a solution of 
polymerizable liquid crystal for discontinuous phase. 

With 200 g of the aqueous solution for continuous 
phase prepared in Example 1, 200 g of the above-prepared 
solution was mixed. The mixture was then dispersed with an 
ultrasonic disperser to prepare a coating solution for po- 
larizing layer. 

(Preparation of optical film) 

The coating solution for polarizing layer was applied 
from a die onto a polyethylene terephthalate film (thick- 
ness: 6 jjm) , and then dried to form a polarizing layer. 
The amount of applied solution was adjusted so that the 
formed polarizing layer may have a thickness of 30 jum. The 
thus-prepared film (having the polarizing layer on the sup- 
port) was stretched by 1.25 times at 115°C under a dry con- 
dition. Thus, an optical film was prepared. 

30 COMPARISON EXAMPLE 1 

(Preparation of coating solution for polarizing layer) 

In 150 g of ethyl acetate, 48 g of 4'-pentyl-4- 
biphenylcarbonitrile was dissolved. The solution was fil- 
35 tered through a polypropylene filter (porous size: 30 fim) 
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to prepare a solution of polymerizable liquid crystal for 
discontinuous phase . 

With 200 g of the aqueous solution for continuous 
phase prepared in Example 1, 200 g of the above -prepared 
5 solution was mixed. The mixture was then dispersed with an 
ultrasonic disperser to prepare a coating solution for po- 
larizing layer. 

(Preparation of optical film) 

The coating solution for polarizing layer was applied 
from a die onto a polyethylene terephthalate film (thick- 
ness: 6 ^m) , and then dried to form a polarizing layer. 
The amount of applied solution was adjusted so that the 
formed polarizing layer may have a thickness of 30 jjm. The 
thus-prepared film (having the polarizing layer on the sup- 
port) was stretched by 1.25 times at 25"C under a dry con- 
dition. Thus, an optical film was prepared. 

(Evaluation of optical film) 
20 Each of the optical films prepared in the above Exam- 

ples 1 to 5 and Comparison Example 1 was evaluated in the 
following manners . 

1. Birefringence 
The birefringence of the continuous phase was measured. 

For this measurement, each corresponding film without the 
discontinuous phase was prepared and stretched in the same 
stretching degree as described above. The refractive index 
in each direction of MD and TD of the film was measured 
with an Abbe's ref ractometer . 

2. Transmittance and scattering degree (haze) 
The transmittance and the haze of each prepared film 

were measured with a haze mater (MODEL lOOlDP, Nippon Den- 
35 shoku Kogyo Co., Ltd.). In the measurement, a polarizer 
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was inserted between the light source and the film. The 
measurement was carried out with the transparent axis of 
the polarizer placed parallel or perpendicular to that of 
the polarizing layer. The measured values when the axes 
5 are parallel are shown as values in parallel, and those 

when the axes are perpendicularly placed are shown as val- 
ues in perpendicular. The scattering degree was evaluated 
in terms of haze value. If the film has polarizability , 
the transmittance in parallel is higher than that in per- 
10 pendicular while the haze in parallel is lower than that in 
perpendicular . 

3. Particle size of discontinuous phase 

The particle size of the discontinuous phase of polar- 

15 izing layer in each film was measured. The film was cut 

with a microtome, and the section was observed by an elec- 
tron microscope of scanning type. From the thus-obtained 
microscopic photograph (x5,000), a hundred of discontinuous 
phase (particles) were randomly selected and their sizes 

20 were measured in terms of radius corresponding circle. 

The results are set forth in Table 1. As shown in Ta- 
ble 1, each film of Examples 1 to 5 has transmittances in 
parallel and perpendicular of 60% or less and 75% or more, 

25 respectively. This means that those films have po- 
larizability higher than the film of Comparison Example 1. 

The films of Examples 1 to 5 were stored at 40**C, 
80%RH for 3 days. Even after the storage, the films of Ex- 
amples 1 to 3 exhibited the same polarizability as before 

30 because the alignments of liquid crystal molecules in these 
films were fixed well by the polymerizable groups of the 
molecules. On the other hand, the polarizability of the 
film of Example 4 was slightly impaired because the liquid 
crystal compound in this film had only one polymerizable 
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group per one molecule and hence the liquid crystal 
molecules were insufficiently fixed. 

TABLE 1 

5 



Eire- Transmittance Haze Particle 

Optical frin- Paral- Perpen- Paral- Perpen- size*) 
film gence lei dicular lei dicular 
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Remarks 



* ) Particle size of discontinuous phase 
PXAMPLE e 

10 

A protective film on one side of a commercially avail- 
able iodine polarizing plate was replaced with the optical 
film prepared in Example 1. The film was laminated on the 
plate, so that the saponified cellulose triacetate surface 
15 without the polarizing layer may be contact with the polar- 
izing layer containing iodine. Thus, a polarizing plate of 
light-scattering type was prepared. 

EXAMPLE 7 

20 

The coating solution for polarizing layer prepared in 
Example 5 was cast onto a band from a die, and then dried. 
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The amount of cast solution was adjusted so that the formed 
film may have a thickness of 40 jjm. After peeled from the 
band, the film was stretched by 1.2 times at 25**C under a 
dry condition. The stretched film was then pressed and 
laminated without adhesion onto an iodine-adsorbed poly- 
vinyl alcohol film beforehand stretched by six times. The 
formed composition was immersed in 100 g/1 boric acid aque- 
ous solution at lO^C for 5 minutes, and washed in a water 
tank at 20''C for 10 seconds. After the composition was 
dried at 80°C for 5 minutes, a saponified triacetyl cellu- 
lose film (Fuji Photo Film Co., Ltd.) was laminated on each 
surface of the composition with a 5 wt.% aqueous solution 
of polyvinyl alcohol (PVA117, Kuraray Ltd.) as an adhesive. 
The thus-prepared composition was dried at 120*'C to obtain 
a polarizing plate of light-scattering type. 

Each polarizing plate of light-scattering type pre- 
pared in Examples 6 and 7 was laid on an aluminum reflec- 
tion plate. Independently, a conventional polarizing plate 

20 was also laid on the reflection plate. The plates were 

placed so that their polarizing layers might be on the re- 
flection plate side. The thus-placed plates were observed 
and compared with each other. As a result, the reflection 
plate under each polarizing plate of the invention was seen 

25 more brightly than that under the conventional one. This 
indicated that the efficiency of light was improved in the 
plate of the invention. The reflection plate under the 
plate of Example 6 or 7 reflects incident light. In the 
reflected light, a component of polarized in the transpar- 

30 ent axis passes through the polarizing layer. The other 

component scattered backward was reflected again by the re- 
flection plate, and partially reenters the polarizing layer 
to improve the efficiency of light. 

Those plates of light-scattering type were stored at 

35 40°C, 80%RH for 3 days. Even after the storage, the plates 
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still improve the brightness as well as before. This indi- 
cates that the alignment of liquid crystal molecules was 
fixed by crosslinking of boric acid even though the molu- 
cules had no polyerizable group. 

EXAMPLE R 

The optical film prepared in Example 2 was used to 
prepare the liquid crystal display shown in Fig. 3. The 
image on the display was obliquely seen, and thereby it was 
confirmed that the display gave a bright image. 

The optical film prepared in Example 2 was used to 
prepare the liquid crystal display shown in Fig. 4. The 
image on the display was obliquely seen, and thereby it was 
confirmed that the display gave a bright image. 

COMPARISON EXAMPT.R 7 

A commercially available brightness-increasing film 
(DBEF, 3M), which had a polarizing layer of optical inter- 
ference, was used as a polarizing optical film to prepare 
the liquid crystal display shown in Fig. 3. The image on 
the display was obliquely seen, and thereby it was con- 
firmed that the brightness was inferior to that of the dis- 
play of Example 8 or 9. 

EXAMPLE 10 

(Preparation of coating solution for polarizing layer) 

In 150 g of ethyl acetate, 48 g of Compound (101), 1.0 
g of a mixture of dipentaerythritolpentaacrylate and dipen- 
taerythritolhexaacrylate (DPHA, Nippon Kayaku Co., Ltd.) 
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and 1.0" g of photopolymerization initiator (Irgacure 907, 
Ciba-Geigy) were dissolved. The solution was filtered 
through a polypropylene filter (porous size: 30 /jm) to pre- 
pare a solution of polymerizable liquid crystal for discon- 
tinuous phase . 

Independently, 4.0 g of sodium dodecylbenzenesulf onate 
(surface active agent) was added into 2,000 g of 20 wt.% 
polyvinyl alcohol aqueous solution (PVA 205, Kuraray Co., 
Ltd. ) . The solution was filtered through a polypropylene 
filter (porous size: 30 ^m) to prepare an aqueous solution 
for continuous phase. 

The prepared solutions were mixed in each amount of 
200 g, and the mixture was dispersed with an ultrasonic 
disperser to prepare a coating solution for polarizing 
layer . 

(Preparation of optical film) 

The coating solution for polarizing layer was applied 
from a die onto a polyethylene terephthalate film (thick- 
20 ness: 6 pm) , and then dried to form a polarizing layer. 
The amount of applied solution was adjusted so that the 
formed polarizing layer may have a thickness of 30 lum. The 
thus-prepared film (having the polarizing layer on the sup- 
port) was stretched by 1.25 times at 90°C under a dry con- 
25 dition, and then ripened for 2 minutes at 90°C. The film 
was exposed to ultraviolet light (200 mW/cm^, 400 mj/cm^) 
emitted from a 160 W/cm air-cooling metal halide lamp (Eye- 
graphics Co., Ltd., wavelength region: 200 to 500 nm, maxi- 
mum intensity was given at 365 nm) , so as to harden the 
30 discontinuous phase. Thus, an optical film was prepared. 
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(Preparation of coating solution for polarizing layer) 

In 150 g of ethyl acetate, 48 g of Compound (107), 1.0 
g of a mixture of dipentaerythritolpentaacrylate and dipen- 
taerythritolhexaacrylate (DPHA, Nippon Kayaku Co., Ltd.) 
and 1.0 g of photopolymerization initiator (Irgacure 907, 
Ciba-Geigy) were dissolved. The solution was filtered 
through a polypropylene filter (porous size: 30 ^m) to pre- 
pare a solution of polymerizable liquid crystal for discon- 
tinuous phase . 

With 200 g of the aqueous solution for continuous 
phase prepared in Example 10, 200 g of the above -prepared 
solution was mixed. The mixture was then dispersed with an 
ultrasonic disperser to prepare a coating solution for po- 
larizing layer. 

(Preparation of optical film) 

The coating solution for polarizing layer was applied 
20 from a die onto a polyethylene terephthalate film (thick- 
ness: 6 }jm) , and then dried to form a polarizing layer. 
The amount of applied solution was adjusted so that the 
formed polarizing layer may have a thickness of 30 /jm. The 
thus-prepared film (having the polarizing layer on the sup- 
25 port) was stretched by 1.25 times at 130°C under a dry con- 
dition, and then ripened for 2 minutes at 50°C. The film 
was exposed to ultraviolet light (200 mW/cm^, 400 mJ/cm^) 
emitted from a 160 W/cm air-cooling metal halide lamp (Eye- 
graphics Co., Ltd., wavelength region: .200 to 500 nm, maxi- 
30 mxam intensity was given at 365 nm) , so as to harden the 
discontinuous phase. Thus, an optical film was prepared. 
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EXAMPLE 12 

(Preparation of coating solution for polarizing layer) 

In 150 g of ethyl acetate, 48 g of Compound (121) was 
dissolved. The solution was filtered through a polypropyl- 
ene filter (porous size: 30 ]jm) to prepare a solution of 
polymerizable liquid crystal for discontinuous phase. 

With 200 g of the aqueous solution for continuous 
phase prepared in Example 10, 200 g of the above-prepared 
solution was mixed. The mixture was then dispersed with an 
ultrasonic disperser to prepare a coating solution for po- 
larizing layer. 

(Preparation of optical film) 

The coating solution for polarizing layer was applied 
from a die onto a polyethylene terephthalate film (thick- 
ness: 6 ijm) r and then dried to form a polarizing layer. 
The amount of applied solution was adjusted so that the 
formed polarizing layer may have a thickness of 30 ^m. The 
thus-prepared film (having the polarizing layer on the sup- 
port) was stretched by 1.25 times at 90''C under a dry con- 
dition. Thus, an optical film was prepared. 

EXAMPLE 13 

(Preparation of coating solution for polarizing layer) 

In 150 g of ethyl acetate, 48 g of Compound (122) was 
dissolved. The solution was filtered through a polypropyl- 
ene filter (porous size: 30 ^m) to prepare a solution of 
polymerizable liquid crystal for discontinuous phase. 

With 200 g of the aqueous solution for continuous 
phase prepared in Example 10, 200 g of the above-prepared 
solution was mixed. The mixture was then dispersed with an 
ultrasonic disperser to prepare a coating solution for po- 
larizing layer. 
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(Preparation of optical film) 

The coating solution for polarizing layer was applied 
from a die onto a polyethylene terephthalate film (thick- 
5 ness: 6 fjm) , and then dried to form a polarizing layer. 
The amount of applied solution was adjusted so that the 
formed polarizing layer may have a thickness of 30 imi. The 
thus-prepared film (having the polarizing layer on the sup- 
port) was stretched by 1.15 times at 160**C under a dry con- 
10 dition. Thus, an optical film was prepared. 

BXftMPLB J. 4 

(Preparation of coating solution for polarizing layer) 
15 In 150 g of ethyl acetate, 48 g of Compound (123) was 

dissolved. The solution was filtered through a polypropyl- 
ene filter (porous size: 30 ^im) to prepare a solution of 
polymerizable liquid crystal for discontinuous phase. 

With 200 g of the aqueous solution for continuous 
20 phase prepared in Example 10, 200 g of the above -prepared 

solution was mixed. The mixture was then dispersed with an 
ultrasonic disperser to prepare a coating solution for po- 
larizing layer. 

25 (Preparation of optical film) 

The coating solution for polarizing layer was applied 
from a die onto a polyethylene terephthalate film (thick- 
ness: 6 fjm.) , and then dried to form a polarizing layer. 
The amount of applied solution was adjusted so that the 

30 formed polarizing layer may have a thickness of 30 pm. The 
thus -prepared film (having the polarizing layer on the sup- 
port) was stretched by 1.25 times at 90''C under a dry con- 
dition. Thus, an optical film was prepared. 

35 (Evaluation of optical film) 
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The optical films prepared in Examples 10 to 14 were 
evaluated in the same manners as those in Examples 1 to 5 . 

The results are set forth in Table 2 . As shown in Ta- 
ble 2, each film of Examples 10 to 14 has transmittances in 
5 parallel and perpendicular of 60% or less and 75% or more, 
respectively. This means that those films have high po- 
larizeibility . 

The films of Examples 10 to 14 were stored at 40''C, 
80%RH for 3 days. Even after the storage, the films of Ex- 

10 amples 10 and 11 exhibited the same polarizability as be- 
fore because the alignments of liquid crystal molecules in 
these films were fixed well by the polymerizable groups of 
the molecules. On the other hand, the polarizability of 
the films of Examples 12 to 14 was slightly impaired be- 

15 cause the liquid crystal compound in this film had no po- 
lymerizable group and hence the liquid crystal molecules 
were not fixed. 

TABLE 2 

20 



Eire- Transmittance Haze Particle 

Optical frin- Paral- Perpen- Paral- Perpen- size*) 
film gence lei dicular lei dicular 



Ex. 


10 


<0, 


,01 


43.0 


94, 


.2 


89. 


,6 


13. 


.0 


0. 


, 18 


jjm 


Ex. 


11 


<0. 


,01 


43.1 


93, 


.2 


89. 


,0 


13. 


.2 


0. 


. 17 


jjm. 


Ex. 


12 


<0. 


,01 


43.5 


93, 


,0 


88. 


,8 


13. 


,6 


0. 


, 18 


jjm 


Ex. 


13 


<0. 


,01 


44.0 


92, 


, 1 


87. 


,0 


14, 


,0 


0, 


,22 


]jm 


Ex. 


14 


<0. 


.01 


43.0 


94. 


.5 


89. 


,8 


13. 


,0 


0. 


,19 


^/m 



Remarks 

*) Particle size of discontinuous phase 
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EXAMPLE 15 

A protective film on one side of a commercially avail- 
able iodine polarizing plate was replaced with the optical 
film prepared in Example 10. The film was laminated on the 
plate, so that the saponified cellulose triacetate surface 
without the polarizing layer may be contact with the polar- 
izing layer containing iodine. Thus, a polarizing plate of 
light-scattering type was prepared. 

EXAMPLE 16 

The coating solution for polarizing layer prepared in 
Example 14 was cast onto a band from a die, and then dried. 
The amount of cast solution was adjusted so that the formed 
film may have a thickness of 40 ^m. After peeled from the 
band, the film was stretched by 1.2 times at 25'*C under a 
dry condition. The stretched film was then pressed and 
laminated without adhesion onto an iodine-adsorbed poly- 
vinyl alcohol film beforehand stretched by six times. The 
formed composition was immersed in 100 g/1 boric acid aque- 
ous solution at 70**C for 5 minutes, and washed in a water 
tank at 20**C for 10 seconds. After the composition was 
dried at SCC for 5 minutes, a saponified triacetyl cellu- 
lose film (Fuji Photo Film Co., Ltd.) was laminated on each 
surface of the composition with a 5 wt.% aqueous solution 
of polyvinyl alcohol (PVA 117, Kuraray Ltd.) as an adhesive. 
The thus-prepared composition was dried at 120°C to obtain 
a polarizing plate of light-scattering type. 

Each polarizing plate of light-scattering type pre- 
pared in Examples 15 and 16 was laid on an aluminum reflec- 
tion plate. Independently, a conventional polarizing plate 
was also laid on the reflection plate. The plates were 
placed so that their polarizing layers might be on the re- 
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flection plate side. The thus-placed plates were observed 
and compared with each other. As a result, the reflection 
plate under each polarizing plate of the invention was seen 
more brightly than that under the conventional one. This 
5 indicated that the efficiency of light was improved in the 
plate of the invention. The reflection plate under the 
plate of Example 15 or 16 reflects incident light. In the 
reflected light, a component of polarized in the transpar- 
ent axis passes through the polarizing layer. The other 

10 component scattered backward was reflected again by the re- 
flection plate, and partially reenters the polarizing layer 
to improve the efficiency of light. Those plates of light- 
scattering type were stored at 40°C, 80%RH for 3 days. 
Even after the storage, the plates still improve the 

15 brightness as well as before. This indicates that the 
alignment of liquid crystal molecules was fixed by 
crosslinking of boric acid even though the molucules con- 
tain no polyerizable group 

20 EXAMPLE 17 

The optical film prepared in Example 11 was used to 
prepare the liquid crystal display shown in Fig. 3. The 
image on the display was obliquely seen, and thereby it was 
25 confirmed that the display gave a bright image. 

EXAMPLE 19 

The optical film prepared in Example 11 was used to 
30 prepare the liquid crystal display shown in Fig. 4. The 

image on the display was obliquely seen, and thereby it was 
confirmed that the display gave a bright image. 



EXAMPLE 19 

(Preparation of coating solution for polarizing layer) 

In 150 g of ethyl acetate, 48 g of Compound (201), 1.0 
5 g of a mixture of dipentaerythritolpentaacrylate and dipen- 
taerythritolhexaacrylate (DPHA, Nippon Kayaku Co., Ltd.) 
and 1.0 g of photopolymerization initiator (Irgacure 907, 
Ciba-Geigy) were dissolved. The solution was filtered 
through a polypropylene filter (porous size: 30 ^^m) to pre- 
10 pare a solution of polymerizable liquid crystal for discon- 
tinuous phase . 

Independently, 4.0 g of sodium dodecylbenzenesulf onate 
(surface active agent) was added into 2,000 g of 20 wt.% 
polyvinyl alcohol aqueous solution (PVA 205, Kuraray Co., 
15 Ltd.). The solution was filtered through a polypropylene 
filter (porous size: 30 ^m) to prepare an aqueous solution 
for continuous phase. 

The prepared solutions were mixed in each amount of 
200 g, and the mixture was dispersed with an ultrasonic 
20 disperser to prepare a coating solution for polarizing 
layer. 

(Preparation of optical film) 

The coating solution for polarizing layer was applied 
, 25 from a die onto a polyethylene terephthalate film (thick- 
ness: 6 kim) , and then dried to form a polarizing layer. 
The amount of applied solution was adjusted so that the 
formed polarizing layer may have a thickness of 30 /jm. The 
thus-prepared film (having the polarizing layer on the sup- 
30 port) was stretched by 2.25 times at 90°C under a dry con- 
dition, and then ripened for 2 minutes at 120°C. The film 
was exposed to ultraviolet light (2 00 mW/cm^, 4 00 mJ/cm2 ) 
emitted from a 160 W/cm air-cooling metal halide lamp (Eye- 
graphics Co., Ltd., wavelength region: 200 to 500 nm, maxi- 



- 162 - 



mum intensity was given at 365 nm) , so as to harden the 
discontinuous phase. Thus, an optical film was prepared. 



5 

(Preparation of coating solution for polarizing layer) 

In 150 g of ethyl acetate, 48 g of Compound (202), 1.0 
g of a mixture of dipentaerythritolpentaacrylate and dipen- 
taerythritolhexaacrylate (DPHA, Nippon Kayaku Co., Ltd.) 
10 and 1.0 g of photopolymerizatioh initiator (Irgacure 907, 
Ciba-Geigy) were dissolved. The solution was filtered 
through a polypropylene filter (porous size: 30 ^m) to pre- 
pare a solution of polymerizable liquid crystal for discon- 
tinuous phase. 

15 With 200 g of the aqueous solution for continuous 

phase prepared in Example 19, 200 g of the above-prepared 
solution was mixed. The mixture was then dispersed with an 
ultrasonic disperser to prepare a coating solution for po- 
larizing layer. 

20 

(Preparation of optical film) 

The coating solution for polarizing layer was applied 
from a die onto a polyethylene terephthalate film (thick- 
ness: 6 fJTCi) , and then dried to form a polarizing layer. 

25 The amount of applied solution was adjusted so that the 

formed polarizing layer may have a thickness of 30 /jm. The 
thus-prepared film (having the polarizing layer on the sup- 
port) was stretched by 2.25 times at 130**C under a dry con- 
dition, and then ripened for 2 minutes at 120*'C. The film 

30 was exposed to ultraviolet light (200 mW/cm^, 400 mJ/crn^) 

emitted from a 160 W/cm air-cooling metal halide lamp (Eye- 
graphics Co., Ltd., wavelength region: 200 to 500 nm, maxi- 
mxam intensity was given at 365 nm) , so as to harden the 
discontinuous phase. Thus, an optical film was prepared. 
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(Preparation of coating solution for polarizing layer) 

In 150 g of ethyl acetate, 48 g of Compound (203) was 
dissolved. The solution was filtered through a polypropyl- 
ene filter (porous size: 30 /im) to prepare a solution of 
polymerizable liquid crystal for discontinuous phase. 

With 200 g of the aqueous solution for continuous 
phase prepared in Example 19, 200 g of the above -prepared 
solution was mixed. The mixture was then dispersed with an 
ultrasonic disperser to prepare a coating solution for po- 
larizing layer. 

(Preparation of optical film) 

The coating solution for polarizing layer was applied 
from a die onto a polyethylene terephthalate film (thick- 
ness: 6 ^im) , and then dried to form a polarizing layer. 
The amount of applied solution was adjusted so that the 
formed polarizing layer may have a thickness of 30 ^m. The 
thus-prepared film (having the polarizing layer on the sup- 
port) was stretched by 2.25 times at 130°C under a dry con- 
dition, and then ripened for 2 minutes at 120°C. The film 
was exposed to ultraviolet light (200 mW/cm2, 400 mJ/cm2 ) 
emitted from a 160 W/cm air-cooling metal halide lamp (Eye- 
graphics Co., Ltd., wavelength region: 200 to 500 nm, maxi- 
mum intensity was given at 365 nm) , so as to harden the 
discontinuous phase. Thus, an optical film was prepared. 

EXAMPLE 22 

(Preparation of coating solution for polarizing layer) 

In 150 g of ethyl acetate, 48 g of Compound (207) was 
dissolved. The solution was filtered through a polypropyl- 
ene filter (porous size: 30 pim) to prepare a solution of 
polymerizable liquid crystal for discontinuous phase. 
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with 200 g of the aqueous solution for continuous 
phase prepared in Example 19, 200 g of the above-prepared 
solution was mixed. The mixture was then dispersed with an 
ultrasonic disperser to prepare a coating solution for po- 
5 larizing layer. 



(Preparation of optical film) 

The coating solution for polarizing layer was applied 
from a die onto a polyethylene terephthalate film (thick- 

10 ness: 6 fim) , and then dried to form a polarizing layer. 
The amount of applied solution was adjusted so that the 
formed polarizing layer may have a thickness of 30 jjm. The 
thus-prepared film (having the polarizing layer on the sup- 
port) was stretched by 2.25 times at ISO^C under a dry con- 

15 dition, and then ripened for 2 minutes at 120''C. The film 
was exposed to ultraviolet light (2 00 mW/cm2, 400 mJ/cm2 ) 
emitted from a 160 W/cm air-cooling metal halide lamp (Eye- 
graphics Co., Ltd., wavelength region: 200 to 500 nm, maxi- 
mum intensity was given at 365 nm) , so as to harden the 

20 discontinuous phase. Thus, an optical film was prepared. 



EXAMPLE 23 



(Preparation of coating solution for polarizing layer) 
25 In 150 g of ethyl acetate, 48 g of Compound (215) was 

dissolved. The solution was filtered through a polypropyl- 
ene filter (porous size: 30 pm) to prepare a solution of 
polymerizable liquid crystal for discontinuous phase. 

With 200 g of the aqueous solution for continuous 
30 phase prepared in Example 19, 200 g of the above -prepared 

solution was mixed. The mixture was then dispersed with an 
ultrasonic disperser to prepare a coating solution for po- 
larizing layer. 
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(Preparation of optical film) 

The coating solution for polarizing layer was applied 
from a die onto a polyethylene terephthalate film (thick- 
ness: 6 jum) , and then dried to form a polarizing layer. 
5 The amount of applied solution was adjusted so that the 

formed polarizing layer may have a thickness of 30 fim. The 
thus-prepared film (having the polarizing layer on the sup- 
port) was stretched by 2.25 times at ISCC under a dry con- 
dition, and then ripened for 2 minutes at 100**C. The film 
10 was exposed to ultraviolet light (200 rnVJ/cm^ , 400 mJ/cm^ ) 

emitted from a 160 W/cm air-cooling metal halide lamp (Eye- 
graphics Co., Ltd., wavelength region: 200 to 500 nm, maxi- 
m\im intensity was given at 365 nm) , so as to harden the 
discontinuous phase. Thus, an optical film was prepared. 

15 

(Evaluation of optical film) 

The optical films prepared in Examples 19 to 23 were 
evaluated in the same manners as those in Examples 1 to 5. 

The results are set forth in Table 3 . As shown in Ta- 
20 ble 3, each film of Examples 19 to 23 has transmittances in 
parallel and perpendicular of 60% or less and 75% or more, 
respectively. This means that those films have high po- 
larizability . 

The films of Examples 19 to 23 were stored at 40°C, 
25 80%RH for 3 days. Even after the storage, the films of Ex- 
amples 19 to 21, and 23 exhibited the same polarizability 
as before because the alignments of liquid crystal 
molecules in these films were fixed well by the polymeriz- 
able groups of the molecules. On the other hand, the po- 
30 larizability of the film of Example 22 was slightly im- 
paired because the liquid crystal compound in this film had 
only one polymerizable group per one molecule and hence the 
liquid crystal molecules were insufficiently fixed. 
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TABLE 3 



Hire- Transmittance Haze Particle 

Optical frin- Paral- Perpen- Paral- Perpen- size*) 
film gence lei dicular lei dicular 



Ex. 


19 


<0. 


.01 


43, 


.4 


94. 


. 1 


89. 


.3 


13, 


. 1 


0. 


.31 


}jm 


Ex. 


20 


<0. 


.01 


43, 


.6 


93. 


. 1 


88. 


.9 


13. 


.5 


0. 


.28 


Ijxn 


Ex. 


21 


<0. 


.01 


43, 


.5 


93. 


,0 


88. 


,8 


13. 


.5 


0. 


.36 


}jTn 


Ex. 


22 


<0. 


,01 


44. 


.7 


92. 


,3 


88. 


.3 


14. 


. 1 


0. 


,32 


jjm 


Ex. 


23 


<0. 


,01 


43. 


.8 


93. 


8 


89, 


,2 


13. 


,2 


0. 


,38 





Remarks 

*) Particle size of discontinuous phase 

5 

pxm^l.E 24 

A protective film on one side of a coiranercially avail- 
able iodine polarizing plate was replaced with the optical 
10 film prepared in Example 19. The film was laminated on the 
plate, so that the saponified cellulose triacetate surface 
without the polarizing layer may be contact with the polar- 
izing layer containing iodine. Thus, a polarizing plate of 
light-scattering type was prepared. 

15 

EXAMPLE 25 

The coating solution for polarizing layer prepared in 
Example 23 was cast onto a band from a die, and then dried. 
20 The amount of cast solution was adjusted so that the formed 
film may have a thickness of 40 ^m. After peeled from the 
band, the film was stretched by 2.5 times at 25*'C under a 
dry condition. The stretched film was then pressed and 
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laminated without adhesion onto an iodine-adsorbed poly- 
vinyl alcohol film beforehand stretched by six times. The 
formed composition was immersed in 100 g/1 boric acid aque- 
ous solution at VCC for 5 minutes, and washed in a water 
5 tank at 20"C for 10 seconds. After the composition was 

dried at SO^C for 5 minutes, a saponified triacetyl cellu- 
lose film (Fuji Photo Film Co., Ltd.) was laminated on each 
surface of the composition with a 5 wt.% aqueous solution 
of polyvinyl alcohol (PVA 117, Kuraray Ltd.) as an adhesive. 
10 The thus-prepared composition was dried at 120°C to obtain 
a polarizing plate of light-scattering type. 

Each polarizing plate of light-scattering type pre- 
pared in Examples 24 and 25 was laid on an aluminum reflec- 

15 tion plate. Independently, a conventional polarizing plate 
was also laid on the reflection plate. The plates were 
placed so that their polarizing layers might be on the re- 
flection plate side. The thus-placed plates were observed 
and compared with each other. As a result, the reflection 

20 plate under each polarizing plate of the invention was seen 
more brightly than that under the conventional one. This 
indicated that the efficiency of light was improved in the 
plate of the invention. The reflection plate under the 
plate of Example 24 or 25 reflects incident light. In the 

25 reflected light, a component of polarized in the transpar- 
ent axis passes through the polarizing layer. The other 
component scattered backward was reflected again by the re- 
flection plate, and partially reenters the polarizing layer 
to improve the efficiency of light. Those plates of light- 

30 scattering type were stored at 40°C, 80%RH for 3 days. 
Even after the storage, the plates still improve the 
brightness as well as before. This indicates that the 
alignment of liquid crystal molecules was fixed by 
crosslinking of boric acid even though the molucules con- 

35 tain no polyerizable group 
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EXAMPLE 26 



The optical film prepared in Example 19 was used to 
5 prepare the liquid crystal display shown in Fig. 3. The 

image on the display was obliquely seen, and thereby it was 
confirmed that the display gave a bright image. 



EXAMPLE ^l 

10 

The polarizing plate of light-scattering type prepared 
in Example 25 was used to prepare the liquid crystal dis- 
play shown in Fig. 4. The image on the display was 
obliquely seen, and thereby it was confirmed that the dis- 
15 play gave a bright image. 

EXAMPLE 29 



(Preparation of coating solution for polarizing layer) 

20 In 150 g of ethyl acetate, 48 g of Compound (301), 1.0 

g of a mixture of dipentaerythritolpentaacrylate and dipen- 
taerythritolhexaacrylate (DPHA, Nippon Kayaku Co., Ltd.) 
and 1.0 g of photopolymerization initiator (Irgacure 907, 
Ciba-Geigy) were dissolved. The solution was filtered 

25 through a polypropylene filter (porous size: 30 ;jm) to pre- 
pare a solution of polymerizable liquid crystal for discon- 
tinuous phase. 

Independently, 4.0 g of sodium dodecylbenzenesulf onate 
(surface active agent) was added into 2,000 g of 20 wt.% 

30 polyvinyl alcohol aqueous solution (PVA 205, Kuraray Co., 
Ltd.). The solution was filtered through a polypropylene 
filter (porous size: 30 /jm) to prepare an aqueous solution 
for continuous phase . 

The prepared solutions were mixed in each amount of 

35 200 g, and the mixture was dispersed with an ultrasonic 
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disperser to prepare a coating solution for polarizing 
layer . 

(Preparation of optical film) 

The coating solution for polarizing layer was applied 
from a die onto a polyethylene terephthalate film (thick- 
ness: 6 jjm) f and then dried to form a polarizing layer. 
The amount of applied solution was adjusted so that the 
formed polarizing layer may have a thickness of 30 }jm. The 
thus-prepared film (having the polarizing layer on the sup- 
port) was stretched by 2.25 times at 90°C under a dry con- 
dition, and then ripened for 2 minutes at 120°C. The film 
was exposed to ultraviolet light (200 mW/cm2, 400 mJ/cm2 > 
emitted from a 160 W/cm air-cooling metal halide lamp (Eye- 
graphics Co., Ltd., wavelength region: 200 to 500 nm, maxi- 
mum intensity was given at 365 nm) , so as to harden the 
discontinuous phase. Thus, an optical film was prepared. 

EXAMPLE 2 9 

(Preparation of coating solution for polarizing layer) 

In 150 g of ethyl acetate, 48 g of Compound (307), 1.0 
g of a mixture of dipentaerythritolpentaacrylate and dipen- 
taerythritolhexaacrylate (DPHA, Nippon Kayaku Co., Ltd.) 
and 1.0 g of photopolymerization initiator (Irgacure 907, 
Ciba-Geigy) were dissolved. The solution was filtered 
through a polypropylene filter (porous size: 30 ^m) to pre- 
pare a solution of polymerizable liquid crystal for discon- 
tinuous phase . 

With 200 g of the aqueous solution for continuous 
phase prepared in Example 28, 200 g of the above -prepared 
solution was mixed. The mixture was then dispersed with an 
ultrasonic disperser to prepare a coating solution for po- 
larizing layer. 
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(Preparation of optical film) 

The procedure of Example 28 was repeated except that 
the above -prepared coating solution was used, to prepare an 
optical film. 

EXAMPLE .10 

(Preparation of coating solution for polarizing layer) 

In 150 g of ethyl acetate, 48 g of Compound (316), 1.0 
g of a mixture of dipentaerythritolpentaacrylate and dipen- 
taerythritolhexaacrylate (DPHA, Nippon Kayaku Co., Ltd.) 
and 1.0 g of photopolymerization initiator (Irgacure 907, 
Ciba-Geigy) were dissolved. The solution was filtered 
through a polypropylene filter (porous size: 30 pim) to pre- 
pare a solution of polymerizable liquid crystal for discon- 
tinuous phase. 

With 200 g of the aqueous solution for continuous 
phase prepared in Example 28, 200 g of the above-prepared 
solution was mixed. The mixture was then dispersed with an 
ultrasonic disperser to prepare a coating solution for po- 
larizing layer. 

(Preparation of optical film) 

The procedure of Example 28 was repeated except that 
the above-prepared coating solution was used, to prepare an 
optical film. 

EXAMPLE .^1 

(Preparation of coating solution for polarizing layer) 

In 150 g of ethyl acetate, 48 g of Compound (324), 1.0 
g of a mixture of dipentaerythritolpentaacrylate and dipen- 
taerythritolhexaacrylate (DPHA, Nippon Kayaku Co., Ltd.) 
and 1.0 g of photopolymerization initiator (Irgacure 907, 
Ciba-Geigy) were dissolved. The solution was filtered 
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through a polypropylene filter (porous size: 30 }jm) to pre- 
pare a solution of polymerizable liquid crystal for discon- 
tinuous phase . 

With 200 g of the aqueous solution for continuous 
phase prepared in Example 28, 200 g of the above -prepared 
solution was mixed. The mixture was then dispersed with an 
ultrasonic disperser to prepare a coating solution for po- 
larizing layer. 

(Preparation of optical film) 

The procedure of Example 28 was repeated except that 
the above -prepared coating solution was used, to prepare an 
optical film. 

EXAMPLE 32 

(Preparation of coating solution for polarizing layer) 

In 150 g of ethyl acetate, 48 g of Compound (330), 1.0 
g of a mixture of dipentaerythritolpentaacrylate and dipen- 
taerythritolhexaacrylate (DPHA, Nippon Kayaku Co., Ltd.) 
and 1.0 g of photopolymerization initiator (Irgacure 907, 
Ciba-Geigy) were dissolved. The solution was filtered 
through a polypropylene filter (porous size: 30 /jm) to pre- 
pare a solution of polymerizable liquid crystal for discon- 
tinuous phase. 

With 200 g of the aqueous solution for continuous 
phase prepared in Example 28, 200 g of the above-prepared 
solution was mixed. The mixture was then dispersed with an 
ultrasonic disperser to prepare a coating solution for po- 
larizing layer. 

(Preparation of optical film) 

The procedure of Example 28 was repeated except that 
the above -prepared coating solution was used, to prepare an 
optical film. 
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EyA^^pjLE 33 

(Preparation of coating solution for polarizing layer) 
5 In 150 g of ethyl acetate, 48 g of Compound (318) was 

dissolved. The solution was filtered through a polypropyl- 
ene filter (porous size: 30 fum) to prepare a solution of 
polymerizable liquid crystal for discontinuous phase. 

With 200 g of the aqueous solution for continuous 
10 phase prepared in Example 28, 200 g of the above -prepared 

solution was mixed. The mixture was then dispersed with an 
ultrasonic disperser to prepare a coating solution for po- 
larizing layer. 

(Preparation of optical film) 

The coating solution for polarizing layer was applied 
from a die onto a polyethylene terephthalate film (thick- 
ness: 6 fjm) f and then dried to form a polarizing layer. 
The amount of applied solution was adjusted so that the 
formed polarizing layer may have a thickness of 30 ^m. The 
thus-prepared film (having the polarizing layer on the sup- 
port) was stretched by 2.5 times at 90**C under a dry condi- 
tion, and then ripened at 120°C for 2 minutes. Thus, an 
optical film was prepared. 

EXAMPLE 34 

(Preparation of coating solution for polarizing layer) 

In 150 g of ethyl acetate, 48 g of Compound (326) was 
30 dissolved. The solution was filtered through a polypropyl- 
ene filter (porous size: 30 jum) to prepare a solution of 
polymerizable liquid crystal for discontinuous phase. 

With 200 g of the aqueous solution for continuous 
phase prepared in Example 28, 200 g of the above -prepared 
35 solution was mixed. The mixture was then dispersed with an 
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ultrasonic disperser to prepare a coating solution for po- 
larizing layer. 

(Preparation of optical film) 
5 The coating solution for polarizing layer was applied 

from a die onto a polyethylene terephthalate film (thick- 
ness: 6 A/m) , and then dried to form a polarizing layer. 
The amount of applied solution was adjusted so that the 
formed polarizing layer may have a thickness of 30 ^m. The 
10 thus-prepared film (having the polarizing layer on the sup- 
port) was stretched by 2.5 times at 90*'C under a dry condi- 
tion, and then ripened at 120°C for 2 minutes. Thus, an 
optical film was prepared. 

15 (Evaluation of optical film) 

The optical films prepared in Examples 28 to 34 were 
evaluated in the same manners as those in Examples 1 to 5. 

The results are set forth in Table 4. As shown in Ta- 
ble 4, each film of Examples 28 to 34 has transmittances in 
20 parallel and perpendicular of 60% or less and 75% or more, 
respectively. This means that those films have high po- 
larizability . 

The films of Examples 28 to 34 were stored at 40°C, 
80%RH for 3 days. Even after the storage, the films of Ex- 

25 amples 30 to 32 exhibited the same polarizability as before 
because the alignments of liquid crystal molecules in these 
films were fixed well by the polymerizable groups of the 
molecules. On the other hand, although the polarizability 
of the films of Examples 28 and 29 was slightly impaired, 

30 the films of Examples 33 and 34 exhibited remarkably im- 
paired polarizability because the liquid crystal compounds 
in these films had no polymerizable group and hence the 
liquid crystal molecules were not fixed. 
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TABLE 4 



Hire- Transmittance Haze Particle 

Optical frin- Paral- Perpen- Paral- Perpen- size*) 
film gence lei dicular lei dicular 



Ex. 


28 


<0.01 


44. 


.0 


93. 


.0 


88. 


.3 


13, 


.9 


0. 


.32 




Ex. 


29 


<0.01 


43. 


.8 


.93. 


.4 


88. 


.5 


13. 


.8 


0. 


.36 




Ex. 


30 


<0.01 


43. 


.3 


94. 


.2 


89. 


.2 


13. 


.3 


0. 


.41 




Ex. 


31 


<0.01 


44. 


. 1 


92. 


.9 


87. 


.8 


14. 


.0 


0. 


,38 


jum 


Ex. 


32 


<0.01 


43. 


.9 


93. 


■0 


88. 


,0 


13. 


.8 


0. 


,33 




Ex. 


33 


<0.01 


44, 


.3 


92. 


,9 


87, 


.8 


14. 


.2 


0. 


,37 


fjvn 


Ex. 


34 


<0.01 


44. 


.2 


92. 


,8 


87. 


,6 


14. 


,3 


0. 


,45 





Remarks 

*) Particle size of discontinuous phase 
EXAMPLE 35 

A protective film on one side of a commercially avail- 
able iodine polarizing plate was replaced with the optical 
film prepared in Example 28. The film was laminated on the 
plate, so that the saponified cellulose triacetate surface 
without the polarizing layer may be contact with the polar- 
izing layer containing iodine. Thus, a polarizing plate of 
light-scattering type was prepared. 

EXAMPLE 36 

The coating solution for polarizing layer prepared in 
Example 32 was cast onto a band from a die, and then dried. 
The amount of cast solution was adjusted so that the formed 
film may have a thickness of 40 pm. After peeled from the 



band, the film was stretched by 2.5 times at 25'*C under a 
dry condition. The stretched film was then pressed and 
laminated without adhesion onto an iodine-adsorbed poly- 
vinyl alcohol film beforehand stretched by six times. The 
5 formed composition was immersed in 100 g/1 boric acid aque- 
ous solution at TO^C for 5 minutes, and washed in a water 
tank at 20*'C for 10 seconds. After the composition was 
dried at SO^C for 5 minutes, a saponified triacetyl cellu- 
lose film (Fuji Photo Film Co., Ltd.) was laminated on each 
10 surface of the composition with a 5 wt.% aqueous solution 

of polyvinyl alcohol (PVA 117, Kuraray Ltd.) as an adhesive. 
The thus-prepared composition was dried at 120''C to obtain 
a polarizing plate of light-scattering type. 

15 Each polarizing plate of light-scattering type pre- 

pared in Examples 35 and 36 was laid on an aluminum reflec- 
tion plate. Independently, a conventional polarizing plate 
was also laid on the reflection plate. The plates were 
placed so that their polarizing layers might be on the re- 

20 flection plate side. The thus-placed plates were observed 
and compared with each other. As a result, the reflection 
plate under each polarizing plate of the invention was seen 
more brightly than that under the conventional one. This 
indicated that the efficiency of light was improved in the 

25 plate of the invention. The reflection plate under the 

plate of Example 35 or 36 reflects incident light. In the 
reflected light, a component of polarized in the transpar- 
ent axis passes through the polarizing layer. The other 
component scattered backward was reflected again by the re- 

30 flection plate, and partially reenters the polarizing layer 
to improve the efficiency of light. Those plates of light- 
scattering type were stored at 40°C, 80%RH for 3 days. 
Even after the storage, the plates still improve the 
brightness as well as before. This indicates that the 

35 alignment of liquid crystal molecules was fixed by 
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crosslinking of boric acid even though the molucules con- 
tain no polyerizable group 

EXAMPLE 37 

5 

The optical film prepared in Example 30 was used to 
prepare the liquid crystal display shown in Fig. 3. The 
image on the display was obliquely seen, and thereby it was 
confirmed that the display gave a bright image. 

10 

EXAMPLE 38 

The polarizing plate of light-scattering type prepared 
in Example 36 was used to prepare the liquid crystal dis- 
15 play shown in Fig. 4. The image on the display was 

obliquely seen, and thereby it was confirmed that the dis- 
play gave a bright image. 

20 

(Preparation of coating solution for polarizing layer) 

In 150 g of ethyl acetate, 34 g of Compound (401), 1.0 
g of a mixture of dipentaerythritolpentaacrylate and dipen- 
taerythritolhexaacrylate (DPHA, Nippon Kayaku Co., Ltd.) 
25 and 1.0 g of photopolymerization initiator (Irgacure 907, 
Ciba-Geigy) were dissolved. The solution was filtered 
through a polypropylene filter (porous size: 30 ^m) to pre- 
pare a solution of polymerizable liquid crystal for discon- 
tinuous phase . 

30 Independently, 4.0 g of sodium dodecylbenzenesulf onate 

(surface active agent) was added into 2,000 g of 20 wt.% 
polyvinyl alcohol aqueous solution (PVA 2 05, Kuraray Co., 
Ltd.). The solution was filtered through a polypropylene 
filter (porous size: 30 ijm) to prepare an aqueous solution 

35 for continuous phase. 
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The prepared solutions were mixed in each amount of 
200 g, and the mixture was dispersed with an ultrasonic 
disperser to prepare a coating solution for polarizing 
layer . 

5 

(Preparation of optical film) 

The coating solution for polarizing layer was applied 
from a die onto a polyethylene terephthalate film (thick- 
ness: 6 jum) , and then dried to form a polarizing layer. 

10 The amount of applied solution was adjusted so that the 

formed polarizing layer may have a thickness of 30 ^m. The 
thus-prepared film (having the polarizing layer on the sup- 
port) was stretched by twice at 120°C under a dry condition, 
and then ripened for 2 minutes at 60°C. The film was ex- 

15 posed to ultraviolet light (200 mW/cm2, 400 mJ/cm2 ) emitted 
from a 160 W/cm air-cooling metal halide lamp (Eyegraphics 
Co., Ltd., wavelength region: 200 to 500 nm, maximum inten- 
sity was given at 365 nm) , so as to harden the discontinu- 
ous phase. Thus, an optical film was prepared. 

20 

EXAMPLE 40 

(Preparation of coating solution for polarizing layer) 

In 150 g of ethyl acetate, 34 g of Compound (402), 1.0 

25 g of a mixture of dipentaerythritolpentaacrylate and dipen- 
taerythritolhexaacrylate (DPHA, Nippon Kayaku Co., Ltd.) 
and 1.0 g of photopolymerization initiator (Irgacure 907, 
Ciba-Geigy) were dissolved. The solution was filtered 
through a polypropylene filter (porous size: 30 ^m) to pre- 

30 pare a solution of polymerizable liquid crystal for discon- 
tinuous phase . 

With 200 g of the aqueous solution for continuous 
phase prepared in Example 39, 200 g of the above -prepared 
solution was mixed. The mixture was then dispersed with an 
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ultrasonic disperser to prepare a coating solution for po- 
larizing layer. 

(Preparation of optical film) 

The coating solution for polarizing layer was applied 
from a die onto a polyethylene terephthalate film (thick- 
ness: 6 ^m) , and then dried to form a polarizing layer. 
The amount of applied solution was adjusted so that the 
formed polarizing layer may have a thickness of 30 pm. The 
thus-prepared film (having the polarizing layer on the sup- 
port) was stretched by twice at 120°C under a dry condition, 
and then ripened for 2 minutes at 60°C. The film was ex- 
posed to ultraviolet light (200 mW/cm2, 400 mJ/cm2 ) emitted 
from a 160 W/cm air-cooling metal halide lamp (Eyegraphics 
Co., Ltd., wavelength region: 200 to 500 nm, maximum inten- 
sity was given at 365 nm) , so as to harden the discontinu- 
ous phase. Thus, an optical film was prepared. 

(Preparation of coating solution for polarizing layer) 

In 150 g of ethyl acetate, 34 g of Compound (404) was 
dissolved. The solution was filtered through a polypropyl- 
ene filter (porous size: 30 jum) to prepare a solution of 
polymerizable liquid crystal for discontinuous phase. 

With 200 g of the aqueous solution for continuous 
phase prepared in Example 39, 200 g of the above -prepared 
solution was mixed. The mixture was then dispersed with an 
ultrasonic disperser to prepare a coating solution for po- 
larizing layer. 

(Preparation of optical film) 

The coating solution for polarizing layer was applied 
from a die onto a polyethylene terephthalate film (thick- 
35 ness: 6 /im) , and then dried to form a polarizing layer. 



10 



25 
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The amount of applied solution was adjusted so that the 
formed polarizing layer may have a thickness of 30 jum. The 
thus-prepared film (having the polarizing layer on the sup- 
port) was stretched by twice at 120''C under a dry condition. 
5 Thus, an optical film was prepared. 

EXAMPLE 42 

(Preparation of coating solution for polarizing layer) 
10 In 150 g of ethyl acetate, 34 g of Compound (413) was 

dissolved. The solution was filtered through a polypropyl- 
ene filter (porous size: 30 fjia) to prepare a solution of 
polymerizable liquid crystal for discontinuous phase. 

With 200 g of the aqueous solution for continuous 
15 phase prepared in Example 39, 200 g of the above-prepared 

solution was mixed. The mixture was then dispersed with an 
ultrasonic disperser to prepare a coating solution for po- 
larizing layer. 

20 (Preparation of optical film) 

The coating solution for polarizing layer was applied 
from a die onto a polyethylene terephthalate film (thick- 
ness: 6 jjm) , and then dried to form a polarizing layer. 
The amount of applied solution was ""adjusted so that the 

25 formed polarizing layer may have a thickness of 30 jjm. The 
thus-prepared film (having the polarizing layer on the sup- 
port) was stretched by twice at 130°C under a dry condition. 
Thus, an optical film was prepared. 

30 PXAMPI.E 43 



(Preparation of coating solution for polarizing layer) 

In 150 g of ethyl acetate, 34 g of Compound (427) was 
dissolved. The solution was filtered through a polypropyl- 
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ene filter (porous size: 30 /jm) to prepare a solution of 
polymerizable liquid crystal for discontinuous phase. 

With 200 g of the aqueous solution for continuous 
phase prepared in Example 39, 200 g of the above -prepared 
5 solution was mixed. The mixture was then dispersed with an 
ultrasonic disperser to prepare a coating solution for po- 
larizing layer. 

(Preparation of optical film) 

10 The coating solution for polarizing layer was applied 

from a die onto a polyethylene terephthalate film (thick- 
ness: 6 kim) , and then dried to form a polarizing layer. 
The amount of applied solution was adjusted so that the 
formed polarizing layer may have a thickness of 30 ^m. The 

15 thus-prepared film (having the polarizing layer on the sup- 
port) was stretched by twice at 130''C under a dry condition. 
Thus, an optical film was prepared. 

(Evaluation of optical film) 

20 The optical films prepared in Examples 39 to 43 were 

evaluated in the same manners as those in Examples 1 to 5 . 

The results are set forth in Table 5 . As shown in Ta- 
ble 5, each film of Examples 39 to 43 has transmittances in 
parallel and perpendicular of 60% or less and 75% or more, 

25 respectively. This means that those films have high po- 
larizability . 
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TABLE 5 



Bire- Tyan^mitta^cQ Haze Particle 

Optical frin- Paral- Perpen- Paral- Perpen- size*) 
film gence lei dicular lei dicular 



Ex. 


39 


<0, 


.01 


41. 


.0 


94, 


.5 


91, 


.4 


13 


.2 


0, 


.38 


pm. 


Ex. 


40 


<0. 


.01 


40. 


.1 


93, 


.9 


92. 


.3 


13, 


.1 


0. 


.37 


fjia 


Ex. 


41 


<0. 


.01 


41. 


.5 


93. 


.0 


90. 


.9 


13. 


.5 


0. 


.38 




Ex. 


42 


<0, 


.01 


42. 


.0 


94. 


. 1 


90. 


,0 


13. 


.0 


0. 


,32 




Ex. 


43 


<0. 


,01 


43. 


,5 


93. 


,6 


88. 


8 


13. 


•3 , 


0. 


39 





Remarks 

*) Particle size of discontinuous phase 
EXAMPLE 44 

A protective film on one side of a commercially avail- 
able iodine polarizing plate was replaced with the optical 
film prepared in Example 39. The film was laminated on the 
plate, so that the saponified cellulose triacetate surface 
without the polarizing layer may be contact with the polar- 
izing layer containing iodine. Thus, a polarizing plate of 
light-scattering type was prepared. 

EXAMPLE 45 

The coating solution for polarizing layer prepared in 
Example 43 was cast onto a band from a die, and then dried. 
The amount of cast solution was adjusted so that the formed 
film may have a thickness of 40 jam. After peeled from the 
band, the film was stretched by 1.5 times at 25°C under a 
dry condition. The stretched film was then pressed and 
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laminated without adhesion onto an iodine-adsorbed poly- 
vinyl alcohol film beforehand stretched by six times. The 
formed composition was immersed in 100 g/1 boric acid aque- 
ous solution at 70°C for 5 minutes, and washed in a water 
tank at 20°C for 10 seconds. After the composition was 
dried at 80°C for 5 minutes, a saponified triacetyl cellu- 
lose film (Fuji Photo Film Co., Ltd.) was laminated on each 
surface of the composition with a 5 wt.% aqueous solution 
of polyvinyl alcohol (PVA 117, Kuraray Ltd.) as an adhesive. 
The thus-prepared composition was dried at 120*'C to obtain 
a polarizing plate of light-scattering type. 

Each polarizing plate of light-scattering type pre- 
pared in Examples 44 and 45 was laid on an aluminum reflec- 
tion plate. Independently, a conventional polarizing plate 
was also laid on the reflection plate. The plates were 
placed so that their polarizing layers might be on the re- 
flection plate side. The thus-placed plates were observed 
and compared with each other. As a result, the reflection 
plate under each polarizing plate of the invention was seen 
more brightly than that under the conventional one. This 
indicated that the efficiency of light was improved in the 
plate of the invention. The reflection plate under the 
plate of Example 44 or 45 reflects incident light. In the 
reflected light, a component of polarized in the transpar- 
ent axis passes through the polarizing layer. The other 
component scattered backward was reflected again by the re- 
flection plate, and partially reenters the polarizing layer 
to improve the efficiency of light. Those plates of light- 
scattering type were stored at 4 0°C, 80%RH for 3 days. 
Even after the storage, the plates still improve the 
brightness as well as before. This indicates that the 
alignment of liquid crystal molecules was fixed by 
crosslinking of boric acid even though the molucules con- 
tain no polyerizable group 
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10 



15 



EXAMPLE 46 

The optical film prepared in Example 39 was used to 
prepare the liquid crystal display shovm in Fig. 3. The 
image on the display was obliquely seen, and thereby it was 
confirmed that the display gave a bright image. 

47 

The optical film prepared in Example 43 was used to 
prepare the liquid crystal display shown in Fig. 4. The 
image on the display was obliquely seen, and thereby it was 
confirmed that the display gave a bright image. 

EXAMPLE 48 

(Preparation of coating solution for polarizing layer) 

In 150 g of ethyl acetate, 48 g of Compound (521), 1.0 
g of a mixture of dipentaerythritolpentaacrylate and dipen- 
taerythritolhexaacrylate (DPHA, Nippon Kayaku Co., Ltd.) 
and 1.0 g of photopolymerization initiator (Irgacure 907, 
Ciba-Geigy) were dissolved. The solution was filtered 
through a polypropylene filter (porous size: 30 fum) to pre- 
pare a solution of polymerizable liquid crystal for discon- 
tinuous phase . 

Independently, 4.0 g of sodium dodecylbenzenesulf onate 
(surface active agent) was added into 2,000 g of 20 wt.% 
polyvinyl alcohol aqueous solution (PVA 2 05, Kuraray Co., 
Ltd.). The solution was filtered through a polypropylene 
filter (porous size: 30 ^m) to prepare an aqueous solution 
for continuous phase . 

The prepared solutions were mixed in each amount of 
200 g, and the mixture was dispersed with an ultrasonic 
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disperser to prepare a coating solution for polarizing 
layer . 

(Preparation of optical film) 
5 The coating solution for polarizing layer was applied 

from a die onto a polyethylene terephthalate (PET) support 
film (thickness: 6 ^m) , and then dried to form a polarizing 
layer. The amount of applied solution was adjusted so that 
the formed polarizing layer may have a thickness of 35 fjm, 

10 After peeled from the PET support film, the prepared film 
was stretched by 2.5 times at 60*'C/40%RH, and then ripened 
for 2 minutes at 120°C. The film was exposed to ultravio- 
let light (200 mW/cm2, 400 mJ/cm2) emitted from a 160 W/cm 
air-cooling metal halide lamp (Eyegraphics Co., Ltd., wave- 

15 length region: 200 to 500 nm, maximum intensity was given 
at 365 nm) , so as to harden the discontinuous phase. Thus, 
an optical film was prepared. 

EXAMPLE 49 

20 

(Preparation of coating solution for polarizing layer) 

In 150 g of ethyl acetate, 48 g of Compound (513), 1.0 
g of a mixture of dipentaerythritolpentaacrylate and dipen- 
taerythritolhexaacrylate (DPHA, Nippon Kayaku Co., Ltd.) 
25 and 1.0 g of photopolymerization initiator (Irgacure 907, 
Ciba-Geigy) were dissolved. The solution was filtered 
through a polypropylene filter (porous size: 30 jum) to pre- 
pare a solution of polymerizable liquid crystal for discon- 
tinuous phase . 

30 With 200 g of the aqueous solution for continuous 

phase prepared in Example 48, 200 g of the above -prepared 
solution was mixed. The mixture was then dispersed with an 
ultrasonic disperser to prepare a coating solution for po- 
larizing layer. 
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(Preparation of optical film) 

The procedure of Example 48 was repeated except that 
the above -prepared coating solution was used, to prepare an 
optical film. 

5 

EXAMPLE 50 

(Preparation of coating solution for polarizing layer) 

In 150 g of ethyl acetate, 48 g of Compound (515), 1.0 
g of a mixture of dipentaerythritolpentaacrylate and dipen- 
taerythritolhexaacrylate (DPHA, Nippon Kayaku Co., Ltd.) 
and 1.0 g of photopolymerization initiator (Irgacure 907, 
Ciba-Geigy) were dissolved- The solution was filtered 
through a polypropylene filter (porous size: 30 ^m) to pre- 
pare a solution of polymerizable liquid crystal for discon- 
tinuous phase. 

With 200 g of the aqueous solution for continuous 
phase prepared in Example 48, 200 g of the above -prepared 
solution was mixed. The mixture was then dispersed with an 
ultrasonic disperser to prepare a coating solution for po- 
larizing layer. 

(Preparation of optical film) 

The procedure of Example 48 was repeated except that 
25 the above -prepared coating solution was used, to prepare an 
optical film. 

EXAMPLE 51 

30 (Preparation of coating solution for polarizing layer) 

In 150 g of ethyl acetate, 48 g of Compound (516), 1.0 
g of a mixture of dipentaerythritolpentaacrylate and dipen- 
taerythritolhexaacrylate (DPHA; Nippon Kayaku Co., Ltd.) 
and 1.0 g of photopolymerization initiator (Irgacure 907, 

35 Ciba-Geigy) were dissolved. The solution was filtered 



15 
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through a polypropylene filter (porous size: 30 pim) to pre- 
pare a solution of polymerizable liquid crystal for discon- 
tinuous phase. 

With 200 g of the aqueous solution for continuous 
5 phase prepared in Example 48, 200 g of the above -prepared 
solution was mixed. The mixture was then dispersed with an 
ultrasonic disperser to prepare a coating solution for po- 
larizing layer. 

10 (Preparation of optical film) 

The procedure of Example 48 was repeated except that 
the above -prepared coating solution was used, to prepare an 
optical film. 

15 EXAMPLE 52 

(Preparation of coating solution for polarizing layer) 

In 150 g of ethyl acetate, 48 g of Compound (519), 1.0 
g of a mixture of dipentaerythritolpentaacrylate and dipen- 

20 taerythritolhexaacrylate (DPHA, Nippon Kayaku Co., Ltd.) 
and 1.0 g of photopolymerization initiator (Irgacure 907, 
Ciba-Geigy) were dissolved. The solution was filtered 
through a polypropylene filter (porous size: 30 jum) to pre- 
pare a solution of polymerizable liquid crystal for discon- 

25 tinuous phase. 

With 200 g of the aqueous solution for continuous 
phase prepared in Example 48, 200 g of the above -prepared 
solution was mixed. The mixture was then dispersed with an 
ultrasonic disperser to prepare a coating solution for po- 

30 larizing layer. 

(Preparation of optical film) 

The procedure of Example 48 was repeated except that 
the above -prepared coating solution was used, to prepare an 
35 optical filmi 
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(Preparation of coating solution for polarizing layer) 
5 In 150 g of ethyl acetate, 48 g of Compound (505) was 

dissolved. The solution was filtered through a polypropyl- 
ene filter (porous size: 30 ^m) to prepare a solution of 
polymerizable liquid crystal for discontinuous phase. 

With 200 g of the aqueous solution for continuous 
10 phase prepared in Example 48, 200 g of the above -prepared 

solution was mixed. The mixture was then dispersed with an 
ultrasonic disperser to prepare a coating solution for po- 
larizing layer. 

15 (Preparation of optical film) 

The coating solution for polarizing layer was applied 
from a die onto a polyethylene terephthalate (PET) support 
film (thickness: 6 fim) , and then dried to form a polarizing 
layer. The amount of applied solution was adjusted so that 

20 the formed polarizing layer may have a thickness of 35 jum. 
After peeled from the PET support film, the prepared film 
was stretched by 2.5 times at 60**C/40%RH. Thus, an optical 
film was prepared. 

25 (Evaluation of optical film) 

The optical films prepared in Examples 48 to 53 were 
evaluated in the same manners as those in Examples 1 to 5 . 

The results are set forth in Table 6 . As shown in Ta- 
ble 6, each film of Examples 48 to 53 has transmittances in 
30 parallel and perpendicular of 46% or less and 91% or more, 
respectively. This means that those films have high po- 
larizability . 

The films of Examples 48 to 53 were stored at 40°C, 
80%RH for 3 days. Even after the storage, the films of Ex- 
35 amples '48 to 52 exhibited the same polarizability as before 
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because the alignments of liquid crystal molecules in these 
films were fixed well by the polymerizable groups of the 
molecules. On the other hand, the films of Example 53 and 
Comparison Example 1 exhibited remarkably impaired po- 
5 larizability because the liquid crystal compound in these 
films had no polymerizable group and hence the liquid crys- 
tal molecules were not fixed. 

TABLE 6 

10 



Hire- Tyanigmittancg Haze Particle 

Optical frin- Paral- Perpen- Paral- Perpen- size*) 
film gence lei dicular lei dicular 



Ex. 


48 


<0, 


.01 


44. 


.3 


92. 


.6 


87, 


.9 


13. 


.8 


0, 


.29 


pm 


Ex. 


49 


<0, 


.01 


44. 


.5 


91. 


.8 


87. 


.3 


14. 


.0 


0. 


.32 


}jm 


Ex. 


50 


<0. 


.01 


45. 


.2 


92. 


.0 


86. 


.9 


14. 


.0 


0. 


.28 


jjin 


Ex. 


51 


<0. 


.01 


45. 


.3 


91. 


.6 


87. 


.4 


14. 


.6 


0. 


.25 


jjm 


Ex. 


52 


<0. 


.01 


45. 


.5 


91, 


,2 


86. 


.7 


14. 


,3 


0. 


.30 


pim 


Ex. 


53 


<0. 


.01 


45. 


,0 


91. 


,3 


87. 


.2 


14. 


, 1 


0. 


.28 





Remarks 

*) Particle size of discontinuous phase 
EXAMPLE 54 

15 

A protective film on one side of a commercially avail- 
able iodine polarizing plate was replaced with the optical 
film prepared in Example 48. The film was laminated on the 
plate, so that the saponified triacetyl cellulose surface 
20 without the polarizing layer may be contact with the polar- 
izing layer containing iodine. Thus, a polarizing plate of 
light-scattering type was prepared. 



.:l G O 7" H-^-^Ti . O S" .A. 
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EXAMPLE 55 

The coating solution for polarizing layer prepared in 
5 Example 53 was cast onto a band from a die, and then dried. 
The amount of cast solution was adjusted so that the formed 
film may have a thickness of 40 jam. After peeled from the 
band, the film was stretched by 2.5 times at 25°C under a 
dry condition. The stretched film was then pressed and 

10 laminated without adhesion onto an iodine-adsorbed poly- 
vinyl alcohol film beforehand stretched by six times. The 
formed composition was immersed in 100 g/1 boric acid aque- 
ous solution at TCC for 5 minutes, and washed in a water 
tank at 20°C for 10 seconds. After the composition was 

15 dried at BO^C for 5 minutes, a saponified triacetyl cellu- 
lose film (Fuji Photo Film Co., Ltd.) was laminated on each 
surface of the composition with a 5 wt.% aqueous solution 
of polyvinyl alcohol (PVA 117, Kuraray Ltd.) as an adhesive. 
The thus-prepared composition was dried at 120*C to obtain 

20 a polarizing plate of light-scattering type. 

Each polarizing plate of light-scattering type pre- 
pared in Examples 54 and 55 was laid on an aliaminum reflec- 
tion plate. Independently, a conventional polarizing plate 

25 was also laid on the reflection plate. The plates were 

placed so that their polarizing layers might be on the re- 
flection plate side. The thus-placed plates were observed 
and compared with each other. As a result, the reflection 
plate under each polarizing plate of the invention was seen 

30 more brightly than that under the conventional one. This 
indicated that the efficiency of light was improved in the 
plate of the invention. The reflection plate under the 
plate of Example 54 or 55 reflects incident light. In the 
reflected light, a component of polarized in the transpar- 

35 ent axis passes through the polarizing layer. The other 



component scattered backward was reflected again by the re- 
flection plate, and partially reenters the polarizing layer 
to improve the efficiency of light. Those plates of light- 
scattering type were stored at 40°C, 80%RH for 3 days. 
5 Even after the storage, the plates still improve the 
brightness as well as before. This indicates that the 
alignment of liquid crystal molecules was fixed by 
crosslinking of boric acid even though the molucules con- 
tain no polyerizable group 

10 

EXAMPLE 56 

The optical film prepared in Example 48 was used to 
prepare the liquid crystal display shown in Fig. 3. The 
15 image on the display was obliquely seen, and thereby it was 
confirmed that the display gave a bright image. 

EXAMPX^E 57 



20 



25 



The polarizing plate of light-scattering type prepared 
in Example 55 was used to prepare the liquid crystal dis- 
play shown in Fig. 4. The image on the display was 
obliquely seen, and thereby it was confirmed that the dis- 
play gave a bright image. • 



(Preparation of coating solution for polarizing layer) 

In 28 g of ethyl acetate, 4 g of Compound (601), 2 g 

30 of Compound (3), 2 g of the following compound (a), 2 g of 
Compound (33), 2 g of the following compound (b) , 1.0 g of 
a mixture of dipentaerythritolpentaacrylate and dipen- 
t aery thritolhexaacry late (DPHA, Nippon Kayaku Co., Ltd.) 
and 1.0 g of photopolymerization initiator ( Irgacure 907, 

35 Ciba-Geigy) were dissolved. The solution was filtered 
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through a polypropylene filter (porous size: 30 ;^m) to pre- 
pare a solution of polymerizable liquid crystal for discon- 
tinuous phase. 

Independently, 4.0 g of sodium dodecylbenzenesulf onate 
(surface active agent) was added into 2,000 g of 20 wt.% 
polyvinyl alcohol aqueous solution (PVA 205, Kuraray Co., 
Ltd.). The solution was filtered through a polypropylene 
filter (porous size: 30 jL/m) to prepare an aqueous solution 
for continuous phase. 

A mixture of 40 g of the above solution of polymeriz- 
able liquid crystal for discontinuous phase and 200 g of 
the aqueous solution for continuous phase was prepared, and 
dispersed with an ultrasonic disperser to prepare a coating 
solution for polarizing layer. 




O 

(CH2)6 

o 



I 
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(Preparation of optical film) 

The coating solution for polarizing layer was cast 
from a die onto a band, and then dried to form a film of 
100 /jm thickness. After peeled from the band, the film was 
stretched by twice at 40°C/60%RH. The film was then im- 
mersed in 100 g/1 boric acid aqueous solution at TCC for 5 
minutes, and washed in a water tank at 20°C for 10 seconds. 
After dried at SO^C for 5 minutes, the film was exposed to 
ultraviolet light (200 mW/cm2, 400 mJ/cm2 ) emitted from a 
160 W/cm air-cooling metal halide lamp (Eyegraphics Co., 
Ltd., wavelength region: 200 to 500 nm, maximum intensity 
was given at 365 nm) , so as to harden the discontinuous 
phase. Thus, an optical film was prepared. 

EXAMPLE 5 9 

(Preparation of coating solution for polarizing layer) 

In 27.3 g of ethyl acetate, 5 g of Compound (609), 2.3 
g of Compound (3), 1.5 g of the above compound (a), 2 g of 
Compound (33), 1.5 g of the above compound (b), 1 . 0 g of a 
mixture of dipentaerythritolpentaacrylate and dipen- 
taerythritolhexaacrylate (DPHA, Nippon Kayaku Co., Ltd.) 
and 1.0 g of photopolymerization initiator (Irgacure 907, 
Ciba-Geigy) were dissolved. The solution was filtered 
through a polypropylene filter (porous size: 30 ^m) to pre- 
pare a solution of polymerizable liquid crystal for discon- 
tinuous phase . 

A mixture of 40 g of the above solution of polymeriz- 
able liquid crystal for discontinuous phase and 200 g of 
the aqueous solution for continuous phase prepared in Exam- 
ple 58 was prepared, and dispersed with an ultrasonic dis- 
perser to prepare a coating solution for polarizing layer. 



(Preparation of optical film) 

The coating solution for polarizing layer was cast 
from a die onto a band, and then dried to form a film of 
100 /jm thickness. After peeled from the band, the film was 
5 stretched by twice at 40*'C/60%RH. The film was then im- 
mersed in 100 g/1 boric acid aqueous solution at 70°C for 5 
minutes, and washed in a water tank at 20''C for 10 seconds. 
After dried at 80°C for 5 minutes, the film was exposed to 
ultraviolet light (200 mW/cm2, 400 mJ/cm2 ) emitted from a 
10 160 W/cm air-cooling metal halide lamp (Eyegraphics Co., 
Ltd., wavelength region: 200 to 500 nm, maximum intensity 
was given at 365 nm) , so as to harden the discontinuous 
phase. Thus, an optical film was prepared. 

15 E?{A^J.E 60 

(Preparation of coating solution for polarizing layer) 

In 28 g of ethyl acetate, 4 g of Compound (620), 2 g 
of Compound (3), 2 g of the above compound (a), 2 g of Com- 

20 pound (33) and 2 g of the above compound (b) were dissolved. 
The solution was filtered through a polypropylene filter 
(porous size: 30 ^m) to prepare a solution of polymerizable 
liquid crystal for discontinuous phase. 

A mixture of 40 g of the above solution for discon- 

25 tinuous phase and 200 g of the aqueous solution for con- 
tinuous phase prepared in Example 58 was prepared, and dis- 
persed with an ultrasonic disperser to prepare a coating 
solution for polarizing layer. 

30 (Preparation of optical film) 

The coating solution for polarizing layer was cast 
from a die onto a band, and then dried to form a film of 
100 ;^m thickness. After peeled from the band, the film was 
stretched by twice at 40°C/60%RH. The film was then im- 

35 mersed in 100 g/1 boric acid aqueous solution at lO^C for 5 
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minutes, and washed in a water tank at 20°C for 10 seconds. 
After dried at 80°C for 5 minutes, the film was exposed to 
ultraviolet light (200 mW/cm2, 400 mJ/cm2 ) emitted from a 
160 W/cm air-cooling metal halide lamp (Eyegraphics Co. , 
5 Ltd., wavelength region: 200 to 500 nm, maximum intensity 
was given at 365 nm) , so as to harden the discontinuous 
phase. Thus, an optical film was prepared. 

SXAMPLE 61 

10 

(Preparation of coating solution for polarizing layer) 

In 28 g of ethyl acetate, 10 g of Compound (621), 0.5 
g of Compound ( 3 ) , 0.5 g of the above compound ( a ) , 0.5 g 
of Compound (33) and 0-5 g of the above compound (b) were 
15 dissolved. The solution was filtered through a polypropyl- 
ene filter (porous size: 150 i/m) to prepare a solution of 
polymerizable liquid crystal for discontinuous phase. 

A mixture of 40 g of the above solution for discon- 
tinuous phase and 200 g of the aqueous solution for con- 
20 tinuous phase prepared in Example 58 was prepared, and dis- 
persed with an ultrasonic disperser to prepare a coating 
solution for polarizing layer. 

(Preparation of optical film) 

25 The coating solution for polarizing layer was cast 

from a die onto a band, and then dried to form a film of 
100 ^m thickness. After peeled from the band, the film was 
stretched by twice at 40°C/60%RH. The film was then im- 
mersed in 100 g/1 boric acid aqueous solution at 70°C for 5 

30 minutes, and washed in a water tank at 20°C for 10 seconds. 
After dried at 80°C for 5 minutes, the film was exposed to 
ultraviolet light (200 mW/cm2, 400 mJ/cm2) emitted from a 
160 W/cm air-cooling metal halide lamp (Eyegraphics Co., 
Ltd., wavelength region: 200 to 500 nm, maximiam intensity 
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was given at 365 nm) , so as to harden the discontinuous 
phase. Thus, an optical film was prepared. 

5 

(Preparation of coating solution for polarizing layer) 

In 28 g of ethyl acetate, 4 g of Compound (623), 2.2 g 
of Compound (3), 2 g of the above compound (a), 2.5 g of 
Compound (33) and 1.3 g of the above compound (b) were dis- 

10 solved. The solution was filtered through a polypropylene 
filter (porous size: 30 fjm) to prepare a solution of polym- 
erizable liquid crystal for discontinuous phase. 

A mixture of 40 g of the above solution for discon- 
tinuous phase and 200 g of the aqueous solution for con- 

15 tinuous phase prepared in Example 58 was prepared, and dis- 
persed with an ultrasonic disperser to prepare a coating 
solution for polarizing layer. 

(Preparation of optical film) 

20 The coating solution for polarizing layer was cast 

from a die onto a band, and then dried to form a film of 
100 tjm thickness. After peeled from the band, the film was 
stretched by twice at 40°C/60%RH. The film was then im- 
mersed in 100 g/1 boric acid aqueous solution at 70**C for 5 

25 minutes, and washed in a water tank at 20°C for 10 seconds. 
After dried at 80°C for 5 minutes, the film was exposed to 
ultraviolet light (200 mW/cm^, 400 mJ/cm^ ) emitted from a 
160 W/cm air-cooling metal halide lamp (Eyegraphics Co, , 
Ltd., wavelength region: 200 to 500 nm, maximum intensity 

30 was given at 365 nm) , so as to harden the discontinuous 
phase. Thus, an optical film was prepared. 

(Evaluation of optical film) 

The optical films prepared in Examples 58 to 62 were 
35 evaluated in the same manners as those in Examples 1 to 5 
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immediately after they were prepared and after they were 
stored under 40''C/80%RH for 7 days. 

The results are set forth in Table 7. As shown in Ta- 
ble 1, each film of Examples 58 to 62 has transmittances in 
5 parallel and perpendicular of 60% or less and 75% or more, 
respectively. This means that those films have high po- 
larizability. Further, all the film had good shelf lives. 

TABLE 7 (immediately after preparation) 

10 



Hire- Tyappmittanq^ Haze Particle 

Optical frin- Paral- Perpen- Paral- Perpen- size*) 
film gence lei dicular lei dicular 



Ex. 


58 


0. 


.015 


34. 


.5 


84. 


.2 


88. 


.5 


19. 


. 1 


0, 


.52 


}jm. 


Ex. 


59 


0. 


.015 


33. 


.1 


83. 


.4 


87, 


.4 


18. 


.4 


0, 


.51 


^jm 


Ex. 


60 


0. 


.015 


35. 


.5 


83. 


.2 


88. 


.7 


17. 


.8 


0. 


.49 


)um 


Ex- 


61 


0. 


.015 


34. 


.9 


81. 


.5 


87, 


. 1 


18. 


.7 


0. 


.50 


yim 


Ex. 


62 


0. 


.015 


34. 


.8 


82, 


.8 


88. 


.3 


17, 


.9 


0, 


.53 





Remarks 

*) Particle size of discontinuous phase 
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TABLE 7 (after 7 days) 



Eire- Transmittance Haze Particle 

Optical frin- Paral- Perpen- Paral- Perpen- size*) 
film gence lei dicular lei dicular 



Ex. 


58 


0. 


.015 


34. 


.4 


83. 


.6 


88. 


. 1 


19, 


.7 


0. 


.52 


pm 


Ex. 


59 


0, 


.015 


33. 


.3 


83, 


.2 


87. 


.3 


18, 


.6 


0. 


.51 




Ex. 


60 


0. 


.015 


35. 


.6 


82. 


.7 


88. 


.6 


18. 


. 1 


0. 


.49 


Ijm 


Ex. 


61 


0. 


.015 


34. 


.8 


81, 


, 1 


87. 


,1 


17. 


.9 


0. 


.50 




Ex. 


62 


0. 


,015 


34. 


,9 


82. 


.6 


88, 


,3 


18. 


.0 


0. 


.53 





Remarks 

*) Particle size of discontinuous phase 

5 

EXAMPLE 63 



A protective film on one side of a commercially avail- 
able iodine polarizing plate was replaced with the optical 
10 film prepared in Example 58. The film was laminated on the 
plate, so that the saponified triacetyl cellulose surface 
without the polarizing layer may be contact with the polar- 
izing layer containing iodine. Thus, a polarizing plate of 
light- scattering type was prepared. 

15 

EXAMPLE 64 



The coating solution for polarizing layer prepared in 
Example 62 was cast onto a band from a die, and then dried. 
20 The amount of cast solution was adjusted so that the formed 
film may have a thickness of 40 jam. After peeled from the 
band, the film was stretched by 2.5 times at 40°C/60%RH. 
The stretched film was then pressed and laminated without 
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adhesion onto an iodine-adsorbed polyvinyl alcohol film be- 
forehand stretched by six times. The formed composition 
was immersed in 100 g/1 boric acid aqueous solution at lO^C 
for 5 minutes, and washed in a water tank at 20°C for 10 
5 seconds. After the composition was dried at 80°C for 5 

minutes, a saponified triacetyl cellulose film (Fuji Photo 
Film Co., Ltd.) was laminated on each surface of the compo- 
sition with a 5 wt.% aqueous solution of polyvinyl alcohol 
(PVA 117, Kuraray Ltd.) as an adhesive. The thus-prepared 

10 composition was dried at 12 CC to obtain a polarizing plate 
of light-scattering type. 

Each polarizing plate of light-scattering type pre- 
pared in Examples 63 and 64 was laid on an aluminum reflec- 
tion plate. Independently, a conventional polarizing plate 

15 was also laid on the reflection plate. The plates were 

placed so that their polarizing layers might be on the re- 
flection plate side. The thus-placed plates were observed 
and compared with each other. As a result, the reflection 
plate under each polarizing plate of the invention was seen 

20 more brightly than that under the conventional one. This 
indicated that the efficiency of light was improved in the 
plate of the invention. The reflection plate under the 
plate of Example 63 or 64 reflects incident light. In the 
reflected light, a component of polarized in the transpar- 

25 ent axis passes through the polarizing layer. The other 

component scattered backward was reflected again by the re- 
flection plate, and partially reenters the polarizing layer 
to improve the efficiency of light. 

30 EXAMPLE 65 



The optical film prepared in Example 58 was used to 
prepare the liquid crystal display shown in Fig. 3. The 
image on the display was obliquely seen, and thereby it was 
35 confirmed that the display gave a bright image. 



:l O a 7^ i&. O r?: J.. =9i O B 
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EXAMPLE 66 

The optical film prepared in Example 62 was used to 
prepare the liquid crystal display shown in Fig. 4. The 
image on the display was obliquely seen, and thereby it was 
confirmed that the display gave a bright image. 



